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The Author has endeavoured, in the following pages, to 
ish to the Student and Amateur in Natural Science, some 
wrmation about the greater part of the mineral substances 

* 

at are met with, either on the surface of the earth, in rocks, 
m Bfliies. There are still many others in Nature, besides 
lose here described, but a great part of them are rare; several 
ave never been analyzed ; others only partially examined, and 
^ proper situation hardly established ; and the most of them 

• 

^"nipoptant, especially to one little acquainted with the subject. 

Ifl accordance with the natural systems which prevail in 

te branches of Natural History, the classification adopted is 

uiemical, and is nearly that of Beudant ; a system which 

'^nunends itself by its simpHcity. 

^5, IJoftcrf Street, 

Sampstead Road, 

% 7, 1849. 
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MINERALOGY, 



§ 1. Natural History is a science which consists of many 
branches ; one^ which treats of animals^ is called Zoology ; 
another. Botany, teaches the structure and properties of 
plants; the third, which makes us acquainted with the 
inorganic portions of our planet, namely, stones or mine- 
rals, is called Mineralogy ; and if, at first sight, it should 
appear less attractive or less useful than the other two 
branches, a very little consideration will prove that it is of 
equal importance to mankind, and contributes materially 
to their comfort, wealth, and luxury. From materials 
found in the interior of the earth we erect our dwellings, 
we supply ourselves with fuel, we construct numberless 
tools and machines, and, finally, we obtain our most bril- 
Uant ornaments. 

Some knowledge of many of these substances must have 
been possessed at a very remote period. The most ancient 
nations of whom we have any record manufactured arms, 
and ornaments of gold and silver. The Romans, who 
made great improvements in the arts of civiHsation, 
greatly enlarged this knowledge; bringing to Ught many 
substances previously unknown, and employing them for 
useful or ornamental purposes : they were acquainted Mrith 
several of the precious stones, and, with the exception of 
the diamond, succeeded in cutting and engraving on them. 

The elder Pliny, a man of enquiring mind and unwea- 
ried diligence in the pursuit of knowledge, collected, from 

2 



2 MINERALOGY. 

every source within his reach^ accounts of all the natun 
productions that were then known, or of which any dei 
cription existed in his time; and he added to these hi 
own observation on such as he had actually examined. I 
is much to be regretted that the latter were not more nu 
merous ; for he too often copied, without enquiry, the deg 
criptions he met with; and has transmitted to us a vas 
number of inaccuracies and absurdities, such as account 
of the magical properties of certain stones, plants^ an< 
animals, and charms by which particular diseases migh 
be cured. 

As civilisation extended, and the arts of life advanced, 
greater number of useful minerals became known : im 
provements in machinery and practical science led t 
greater facility in the working of mines, metals wer« 
more sought after, new ones were discovered, and ne^ 
and rich ores of those already known, were found to exist 
which had formerly been thrown aside as valueless, fron 
ignorance of their nature. Mineralogy now became : 
subject of importance, and much attention was paid to it 
but it still retained somewhat of a vague and unsatis 
factory character, from want of knowledge of the princi 
pies on which it ought to be based. Chemistry, indeed 
lent its aid in the analysis of minerals ; but it was before 
chemistry itself had been raised to the state of an exacf 
science by the wonderful and beautiful law of definite pro- 
portions, — a law which pervades all chemical combinations 
whether natural compounds or the result of operations ii 
our laboratories. This law assists us in ascertaining witl 
precision the composition of mineral substances, and con< 
sequently in identifying mineral species, and giving them 
their true place in a scientific classification. 

The want of some knowledge of the real nature of stones 
which even a slight acquaintance with mineralogy woulc 
furnish, has occasioned to many persons, within a com- 
paratively recent period, very ruinous loss ; whilst othen 



UNOROANISED BODIES. 8 

[ye rapidly acquired a fortune from profiting^ under 
drcumstances^ by opportunities that bad been 
or totally n^lected. It is not above fifty years 
loe a man found in Shropshire a considerable vein of 
Iphate of baryta, which, in consequence of its weight, 
I mistook for white lead ore, and he erected a smelting- 
)se and furnaces for the purpose of reducing it to a 
ic state. Another person in tbe same county, having 
with some mica in the form of small silvery scales or 
i^es, was persuaded that he had found a silver mine, 
rained himself in attempts to obtain the silver, 
long many other unfortunate adventures which have 
m from ignorance of mineralogy, may be mentioned 
of a poor man, who was persuaded to lay out a hun- 
pounds, nearly the whole of some years^ economy, in 
purchase of a few pieces of white topaz, under the idea 
they were diamonds. But independently of the utility 
science, any one who studies natural history for his 
will be richly rewarded by the wonders and 
beauties displayed in the mineral kingdom. 
2. The bodies which are the objects of study to the 
l^ogist, comprise the earthy, metallic, saline, and 
substances which compose our earth ; that is to say, 
unorganized part of the creation. 
?o understand clearly what is meant by the term 
vwrganised, let us remember that an animal and a plant 
ire said to be organised, because they consist of several 
Hfferent parts, all varying in their form, their position, and 
heir functions, yet all equally necessary to form a perfect 
lumal or a perfect plant ; so that to remove any one of 
hem, would be to destroy, or at least to render imperfect, 
he body to which it belongs. These parts are called 
rgana ; in animals we find a stomach to digest the food 
hey convey to it, and by means of which they are nou- 
ished and have life; nei^es and muscles for sensation and 
lotion : in plants we observe a root to fi^ them to the 
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ground^ and absorb nourishment from it^ and vessels for 
the circulation of the sap. 

But in a mineral^ in its most perfect state^ all. the parts 
exactly resemble each other; so that^ by breaking it, we 
diminish it in size Mrithout destroying its existence or its 
completeness. Take^ for example^ a flint pebble, or a 
fragment of limestone from a quany, and break it: we 
shall find that each substance is of the same texture and 
composition throughout. It is true that we may also take 
up a stone, or break ofl^ a piece of rock which has not this 
homogeneous structure ; as, for instance, a granite paving 
stone: but granite is an aggregate rock, which consists 
essentially of three simple minerals^ each of which may 
plainly be distinguished on inspection; and mineralogy 
teaches us to recognise in it, 1st, quartz, which usually 
appears in greyish semi-transparent grains, of a somewhat 
glassy appearance ; 2nd^ felspar, of a reddish or yellowish 
white, and opake ; 3rd, mica, in small scales which have a 
shining and somewhat metallic lustre. 

The present work is designed to afford such information 
in mineralogy as may assist any one to ascertain the names 
and properties of minerals either in studying this branch 
of science at home, or as a means of increasing the interest 
he may feel in collecting during his travels. 

It is true that the essential difference of minerals con- 
sists in their composition ; but it is not, therefore, neces- 
sary to subject every mineral to chemical analysis in order 
to know something of its nature. The difference of com- 
position is manifested in difference of form, structure, 
colour, weight, hardness, transparency, &c.; and an ac- 
quaintance with these and some other properties or cha- 
racters will, in most cases, enable us to recognize a mineral 
species; and to know of what plementary substances it 
principally consists. With these^ which are called the er- 
iemal and physical characters, we shall endeavoiir to make 
the student acquainted. 
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CRYSTALLINE FORMS. 5 

But it sometimes happens that we meet with a specimen 
in which these characters are not clearly marked; or 
some of them may have a great resemblance to those of 
another species : in such cases we may derive great assist- 
ance from an examination of some of the chemical charaC" 
ters, by means of acids and the action of the blowpipe^ 
which have a very different effect on different species. 

§ 3. Among the characters of minerals^ the most im- 
portant^ because the most constant and obvious^ is their 
regular or crystalline form. 

The regular figures of rock crystal and the diamond, 
attracted the attention of the ancients, and are mentioned 
by Pliny: but they were considered, till a much later 
period, only as curious accidental circumstances. Linnaeus 
was the first who suggested that they must be the result 
of constant properties, and might be important in the 
study of minerals: but he appears to have been acquainted 
with very few, and to have neglected the subject. 

Rom de Lisle, a french mineralogist, collected a vast 
number of crystals of different substances, examined them 
with care, and by comparing together those of the same 
species, found, not only that certain angles were invariable, 
but that figures the most unlike had a relation to each 
other; that they were derived from some fundamental 
form, altered by the solid angles or edges appearing to be 
removed, and replaced by one or more planes, sometimes 
small, sometimes so large as to efface those of the original 
solid, and to produce another. 

§ 4. As an example of this relation, let us compare 
some of the crystals which are common to Galena (PI. I.). 
Pig. 1 is a perfect cube: in fig. 2 the solid angles appear to 
be removed and to be replaced by smaU triangular planes : 
in fig. 3 the triangular planes are increased so as to meet 
each other: in fig. 4 they are still larger, and intersec 
each other. The crystal now assumes the appearance of t 
octahedron of which the solid angles are ^ ' " '^ smi 
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square planes. When the triangular faces increase in size^ 
to the exclusion of the square ones^ we have a complete 
and regular octahedron^ fig. 5. 

If the edges instead of the angles of the cube be replaced 
by planes inclining equally on the adjoining faces, fig. 8, 
they will, if increased, produce a dodecahedron with rhom- 
bic faces (fig. 9). The same form will be obtained if the 
planes which replace the edges of the octahedron, as in 
fig. 10, be enlarged till the original ones disappear. In 
this figure, the solid angles are of two kinds : six, which 
coincide with those of the inscribed octahedron, are formed 
by the meeting of four acute plane angles, the remaining 
eight, which agree with the angles of aij inscribed cube, 
are composed of three obtuse plane angles. 

This connection between solids of very diflferent form 
will be better understood if the student will take a cubic 
crystal of fluorspar, and with a knife, properly placed, and 
a sharp blow &om a hammer, detach from each solid angle 
a small three-sided pyramid. The faces so produced will 
always be equilateral, and the solid obtained will be simi- 
lar to fig. 2 or 3, PI. I. 

If only four alternate angles of the cube be no. i. 

removed (in the direction of the dotted lines 
No. 1,) or, which is the same thing, if four 
alternate faces of the octahedron be enlarged 
till the others disappear, he will obtain (fig. 6.) 
the regular tetrahedron. 

The modification represented in fig. 12, PI. 1, a bevelled 
cube, if carried to its greatest extent, would produce a solid 
of 24 faces, which is not uncommon in fluorspar : but it 
often happens that only half of the modifying planes 
occur, and that they are then placed alternately on the 
similar edges (as in the last example they were placed on 
the alternate angles:) the cube thus modified would be 
represented by fig. 13, and if the bevelling planes were 
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enlarged till they effaced those of the eube^ we should 
have a pentagonal dodecahedron^ fig. 14. 

The same planes occur on alternate angles of the octa- 
hedron (fig. 15), and when they are increased, the two 
modifications together produce the icosahedron, fig. 16, a 
solid of 20 faces. 

The angles of the cube are sometimes replaced by three 
planes, as in fig. 17, which, if enlarged, would finally pro- 
duce a solid of 24 faces, called a trapezohedron, fig. 18, a 
form often met with in the garnet. It will easily be seen 
that the same form is derivable from an octahedron. 

§ 5. In this manner, the multitude of crystalline forms 
at present known, and which amount probably to some 
thousands, may be referred to a very small number of simple 
figures, each of which is the base or type of a group. 
The first of these groups consists of the solids we have 
enumerated, which may all be referred either to the cube 
or the octahedron; besides an indefinite number which 
may be conceived to arise from the replacement of angles 
and edges by additional planes, and various combinations 
of those above mentioned. 

The simple formis from which those of the second series 
are derived, are the hex- * 



No. 2. 



A No. 3. 




agonal prism and the 
rhombohedron. The lat- 
ter «oUd is of two kinds; 
No. 2 represents an ob- 
tuse. No. 3 an acute 
rhombohedron. They 
must not be confounded 
with the oblique rhombic ^ 

prisms ; for the faces of a rhombohedron are always ex- 
actly similar and equal : and it is represented in a symme 
trical position when the axis, AX, is vertical ; and all tl 
modifications to which it is liable, take place symmetrica 
with relation to this line, which pass^" -».i,^^,,rrii the §u. 
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miis of the rbombohedron. If the student examine a 
model of this solid^ he will see that these summits differ 
from the other solid angles^ (which are termed lateral,) 
being formed by the meeting of three equal plane angles : 
in No. 2 these are obtuse, in No. 3 acute. He will also 
distinguish the terminal edges, t t t, which meet at the 
summits^ from the lateral edges which meet in the lateral 
angles. 

Equilateral six-sided pyramids and triangular do- 
decahedrons of which the edges are alternately equal 
twelve-rsided prisms, either simple or united with some 
of these, and rhombohedrons of various angles, also belong 
to this group. 

The replacement of the terminal edges No. 4 produces a 



Na4. 



No. 5. 



No. 6. 



No. 7. 





|C: 










rhombohedron more obtuse than the primary one No. 5, 
and the replacement of the lateral edges gives the regular 
hexagonal prism No. 6; its bases resulting from the re- 
placement of the summits of the rhombohedron No. 7. 
But if the lateral edges be replaced by two planes this 



No. 8. 



No. 9. 



No. 10. 






modification, if continued so as to destroy the primary 
faces, would produce a scalene dodecahedron No. 8: that is 
to say, of which the triangular plap^« ^^^^-^ their sides un- 

equal. 
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llie double six-sided pyramid with equal faces No. 9, and 
another hexagonal prism No. 10^ arise from the replacement 
of the lateral angles of the primary solid : and it wiU be 
seen that the lateral faces of this prism correspond in situ- 
ation with the edges of the one aboye described. 

Among the crystals of calcspar^ the student will find all 
these modifications of the rhombohedron and very many 
others. 

The square prism (fig. 19) is the basis of a very sym- 
metrical group^ all the lateral faces being equals and 
similarly situated : for it is a general law in crystallization^ 
that whateyer secondary planes are found to replace any 
sohd angle or edge of a crystal^ every similar angle or edge 
will be similarly modified. In the cube^ therefore^ and 
all the simple soUds of that series^ every edge and angle 
undei^oes the same alterations. 

Various octahedrons^ both acute and obtuse (figs. 20^ 
21), prisms with eight, or twelve, or sixteen sides (fig. 
23, 24), and rhomboidal dodecahedrons, which, though 
symmetrical, are not regular (fig. 22), belong to this type 
(figs. 19 to 24). 

The crystals derived from a right prism 'with a rectan- 
gular base, form a series which has less symmetry 
than these, because only the opposite faces, two and two, 
are equal; and the longer and shorter edges exhibit se- 
parate, and sometime very different modifications: of 
these, four and four are equal, and in all respects similarly 



J No. 11. 



No. 12. 



No. 13. 




r^r.— -II i'-" }> 





-| — L>-U 

situated, as marked in the diagram. The second s 
third figures shew the relation of the right rhombic pr 
to this parallelopiped: in the one, br "^^ the lati 
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No. 15. 




edges of the rectangular prism, by planes parallel to its 
diagonals, we obtain one with a rhombic base : and in the 
same manner the rectangular prism may be obtained from 
the rhombic one. Both are primary forms, and from them 
are derived octahedrons with a rectangular or a rhombic 
base. 

In the same manner, from an oblique prism with a rect- 
angular base, we derive a 
rhombic one, of which the 
axis and lateral faces will 
have the same inclination 
to the base : these are 
fundamental figures of the 

fifth series. The symmetry and equaUty of the edges and 
solid angles are indicated by a repetition of the same 
.etters : the secondary forms which are the consequence 
of their various modifications wiU be noticed in the des- 
cnption of such minerals as have one or other for their 
primary crystal. It should be observed that no 16 
if the oblique prism with a rectangular base, 
be placed on one of its lateral faces, it may 
be considered' to be a right prism, with a 

rhomboidal base: by comparing the annexed >, , 

diagram No. 16 with the former one No. 15, the identity of 
the two solids will be evident. 

The last group has for its basis a 
parallelepiped which has the least pos- 
sible symmetry; an obUque prism with 
an oblique angled parallelogram for its 
base, No. 17. The only equality both of 
sides and angles, in this solid, is in those 
which are diagonally opposite. 

The forms belonging to some of these groups are com- 
mon to several difierent substances, as for instance, the 
cubic series, which includes the crystals of the native 
metals, of galena, spinel ruby "*- ~ar, and severa- 
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Others : iu the rhombohedral series we find the crjrstallizal 
tions of calcspar, the beryl^ phosphate of lime and of lead, 
red silver ore, &c. 

§ 6. Crystals are found much more commonly in 
groups than singly, and their modes of arrangement are 
very various. Cubes are sometimes aggregated so as to* 
form an octahedron, as we see in fluorspar; rhombohe- 
drons are sometimes built up into the form of a triangular 
dodecahedron, as in calcspar : prismatic crystals are very 
often united together at one extremity, forming a radiat* 
ing mass with pointed terminations on the exterior part : 
this is the case with several kinds of zeolite, amethyst, and 
many other substances. 

§ 7. But the most singular groups are those called 
maeles or hemitropes, because they resemble a crystal 
which has been cut in two, and of which one part has been 
turned half round and re-united ^o. is. No. 19. 

to the other. Such a division 
and re-union, has, of course, 
never taken place ; a made con- 
sists in reality of two crystals, 
united by a corresponding face of each, but placed in- 
versely with respect to each other, and which appear to 
have increased after their union, by a continual addition 
of particles to each, until the plane of junction is consider- 
ably extended. This plane is sometimes parallel to two 
opposite faces of the primary crystal, as in the example 
of the regular octahedron : sometimes diagonal, as in the 
oxyde of tin, felspar, and other minerals. 

§ 8. In all these numerous forms, we find in the same 
species, the same angles or inclinations of planes, however 
irregular they may appear from the unequal size of the 
feces. Distorted crystals of quartz are of very comw 
occurrence, — one face of the pyramid is often n 
enlarged at the expense of the others; yet the inc 
tions of the corresponding faces i'- *" *! the rei 
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No. 20. 



hexagonal pyramids will be found to be the same in 
both. 

§ 9. In order to ascertain the measure of these angles^ 
and thus establish the identity of a species^ an instrument 
called a Goniometer* is employed. There are several 
kinds, but that invented by Dr. "WoUaston, is most gene- 
rally used, being simple in its construction, and easy of ap- 
plication. It consists, 
No. 20, of a graduated 
circle A B, placed ver- 
tically, the axis being 
hollow, in order to en- 
close an interior one 
supporting a moveable 
apparatus C, which is 
turned bv means of 
the small circle b. In 
order to make use of 
it, the large circle, 
which is divided twice 
into 180 degrees, must 
be placed at zero (or 
180®), and the crystal 
attached with a little wax to a small plate a, so that the 
edge may be horizontal, and as nearly as possible in a line 
with the axis of the circle. 

Place the instrument on a firm table before an open 
window, from which the horizontal lines of some building 
may be clearly seen, such as the ridge of the roof, the 
rail of a balcony, &c.; let the plane of the circle be also, 
as nearly as possible, perpendicular to the plane of the 
building so viewed. 

Placing tke eye then very near, and somewhat above the 
crystal, the inner axis is to be gently turned, until the 
reflection of one of these lines (the higher ones are gene- 

* From two Greek words, goma an angle, and metreOf I measure. 
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ndly the best for the purpose^) is distinctly seen by reflec- 
tion^ on the upper face of the crystal; and this movement 
is to be continued until the reflection appears to coincide 
with some other horizontal line^ seen by direct vision; such 
as the lower edge of the open window, or the edge of the 
table. If these two lines correspond exactly, the face of 
the crystal is placed horizontally ; if not, its position must 
be gently altered by means of the jointed apparatus which 
supports it, or by turning the circle d. The same opera- 
tion is to be repeated with the second face; and if its 
position requires to be corrected, the first face must be 
re-examined, lest its horizontality should have been de- 
ranged. 

Supposing the crystal to be now perfectly adjusted, and 
the reflected line on the first face brought to coincide with 
a lower one, the great circle must be turned by means of 
c, (the crystal being turned by the same motion,) until the 
same distant line is reflected in the second face, and 
brought to correspond with same lower line. 

We shall find the value of the angle sought, indicated 
on the graduated circle, which has turned through the 
space of the supplementary angle ; but being graduated in 
a contrary direction, the true angle is read off. 

§ 10. It will generally be found that the faces of small 
crystals are more perfectly even than those of large ones ; 
they are therefore, in every respect, better adapted for 
examination by the reflecting goniometer. But even in 
those which appear the most perfect, a comparison of the 
angles of several crystals, shews that they sometimes differ 
to a very small extent^ in consequence of slight depressions 
or elevations on their surfaces. But in a great number of 
substances, their natural structure affords us the means of 
ascertaining the angles of the primary fornfr with th 
greatest precision. 

This structure, which is inherent in their nature, 
pending on the arrangement of the -articles 
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whicli they oonrist, beomnes peroqptible hj the maimer in 
whidi thev divide or v^t, when we break them. A slight 
blow on a piece of calcspar will sqpante it into firagments 
which are either rhombohedrons^ or parallelopipeds^ of 
which the fiioes meet at the same angles as the planes of 
the rhombohedron : this solid is therefcnrey firom its sym- 
metry^ considered to be the primary form of its crystals. 

If the blow be too slight to ^shatter the specimen^ it will 
often prodace internal fissures which are distinctly seen, 
in conseqaence of the light they reflect, to be plane 
snr&ces parallel to the external ones: these are called 
planes of cleavage ; and calcspar is capable of this kind of 
division in three directions, with equal feuality. Sulphate 
of baryta, also, has three cleavages, which are parallel to the 
faces of a right rhombic prism. In this case also, the 
regular solid obtained by cleavage is considered to be the 
primary form of the species, though in the latter instance, 
the same crystals might be derived firom (or referred to) a 
right prism with a rectangular base. 

§ 11. It will be evident then, that the observation of 
crystalline structure, where it exists, is of the greatest im« 
portance in mineralogy, not only as shewing the relation 
between forms the most dissimilar, but as affording ready 
proof of the identity of a species, in circumstances where 
it would otherwise be extremely difficult to distinguish it; 
when, for instance, it is disseminated in minute portions 
through some other mineral: felspar, diallage and some 
other substances firequently occur in such a situation. 

Some minerals however, may be cleaved with much 
greater ease in one or in two directions than in the third. 
Some yield to cleavage in one direction only, as in the 
case of mica and selenite. 

§ 12. Besides the regular and perfect crystallizations of 
minerals, of which we have given an outline, the aggrega- 
tion of crystals more or less perfect, gives rise to numeix)us 
configurations, some of w^ ^iar to certain species. 



POKMATIOK OF STALACTITXS. 15 

In Bome, the crystals are grouped into Bpheroidal masses, 
the edges or points of the crystals appearing on the ex- 
tenor of the mass, as in blue carbonate of copper, iron 
pyrites, &:c. 

The slender prisms in vhich many substances crys- 
tallise are often compressed together lengthwise, and form 
qrlindroidal or bacillar groups; the crystals, even on 
the cxteriOT, being always deformed and their edges 
rounded. 

The branched and leafy forms and moss-like a^rega- 
tions, so frequently met with in some of the native metals, 
consiBt of more or less .perfect crystals. When the crystals 
are very minute and the branches of a more eren thickness, 
they present the form of coral. 

* § 13, The stalactites which so often occur in caverns, ir- 
regularly conical or cylindrical in their form, or incnisting 
their walls, are produced by the deposition of minute par- 
ticles, generally calcareous, &om water which percolates 
through their roof or sides. When a small quanti^ of 
moiatore arrives at the inner surface of the roof, before a 
drop is formed sufficiently la^e to fall by its own weight, a 
portion of it evaporates, and a ring shaped film of sohd mat- 
ter is left adhenng to the rock. Every sacceeding drop in- 
creases the thickness of this film, until at length a slender 
tube is formed, which is constantly increased in thickness 
Bs well as in length. In general, the interior is quickly 
filled np, and becomes perfectly solid : hut sometimes the 
stalactites are hollow throughout a great part of their 
length. When the water drops more rapidly, 
it fidls on the floor of the cave, depositing thei 
ticlea, which accumnlate and produce masses 
moss, fungi, and cauliflowers, which are somei 
stalagmites. 

§ 14. Minerals, also, which do not crystaUi 
sume definite forms externally, which are cl 
and deserving of attention. In som- *>"' ■"« 
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of j>ortions of spheres of different dimensions : when these 
are small^ somewhat resembling a bunch of grapes closely 
pressed together, the mass is termed botryotdalx^ wlien 
the globular surfaces are of larger dimensions, it is said to 
be mamillatedf: calcedony and malachite are good ex- 
amples of these forms and the nodules of iron pyrites, 
which exhibit a similar surface on a smaller scale^ are 
called reniform.X 

§ 15. We have already remarked that in many sub- 
stances which crystallize, their regular or laminated struc- 
ture becomes visible on breaking them: but minerals 
which do not yield to cleavage in any direction, or with 
difficulty and uncertainty, break into indeterminate firag- 
ments : their form varying with the texture of the mi- 
neral. In those which are crystalline and may be termed 
vitreous, as Quartz and Beryl, the fracture of the broken 
part is said to be conchoidal, a form which is illustrated 
in the fragments of glass; a still better example of the 
' conchoidal fracture is to be found in breaking a large 
flint pebble ; the texture of flint is compact and eveUy and 
all minerals possessing the same kind of structure or tex- 
ture, break in a similar manner. 

In others, which are less hard and compact, the fracture 
will be uneven or earthy. The native metals, if they do 
not afford cleavages, have a hackly fracture, which may 
be observed on breaking a piece of thick wire, or plate of 
metal. 

The fibrous structure common to many species, arising 
from an aggregation of delicate prisms, sometimes parallel, 
sometimes divergent or radiated, is also evident in the ap- 
pearance of the fracture. Hence the fresh fracture of a 
mineral makes us somewhat acquainted with its structure, 
and should always be remarked. 

§ 16. Among the optical characters of minerals, some are 

♦ From the Greek word, botrus, a cluster of grapes. 
\ Lat mamma, the b ^ ^At, ren, a kidney. 
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stance, the name of diwiMl ii/iifi«f yi. Ifafinetnoei 
on paper be sieved tknmg^ a liJ i gMLnt of tku mnneai, 
two Bnes will appear; and on tmnng the calnpar itwmd, 
asitUesonitybolknBagei will moyenntildi^coinckte; 
and on toming it still fiother;, one will aeea to pass over 
the other. Una it bcscanac one portion of the S^t is 
refracted in the otdinaiy manner, as we see in ^ass and 
water ; the other portion, called the adrmoHSmarf rmg, is 
refracted in a different manner: and it is fiNmd that ex- 
cepting those snbstances whose crystals bdong to the 
cubic system and soch as do not crystallize^ all minerals 
have, in a greats or less degree, the same property. 

Bat there is one direction in which a line (or any othw 
object) may be yiewed throngh calcspar, without appearing 
double ; this is in the direction of the axis of the rhombo- 
hedron. If the two summits of a rhombohedron, or the 
bases of an hexagonal prism be polished, on placing it 
over a dot, and the eye immediately above it, we shall see 
but one image of it. 

In the crystals also, which are referable to a square 
prism, no double refraction is perceptible in the direction 
of their axis': in both cases, it is called the axis qf (hubk 
refraction. 

In crystals where this kind of symmetry does not exist, 
as when they are derived from prisms that are oblique, or 
have not a square base, there are two axes of double re- 
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firaction^ or two directions in which only a single image 
will be perceived. 

The property of doable refraction may therefore be 
valoable in assisting us to distinguish minerals, whicli at 
first sight appear to resemble each other, if, being cut and 
polished, or in irregular fragments, we have no indication 
of their external form. A fragment of red topaz, for 
instance, will refract doubly; one of spinel ruby, the 
crystals being octahedral, will not. 

§ 17. But as the amount of double refraction is, in most 
substances, very small compared with that of calcspar, it is 
seldom possible to discover, by merely looking throtigh 
them at a line or dot, whether they really possess this pro- 
perty ; besides the diflSculty there may be of having trans- 
parent fragments of suflBlcient size to be cut in different 
directions. A simple experiment, however, with polarized 
light, will determine the point. 

Light may be polarized by several different methods ; 
as, by reflection at a certain angle, from a polished surface ; 
by transmission through plates of tourmaline, &;c. For 
the mineralogist, two thin plates of this substance, cut 
parallel to the axis of the crystal, afford the most conve- 
nient apparatus. They are to be fixed, each in the aperture 
of a short tube of wood or brass, of such dimensions that 
one shall be capable of turning within the other. On look- 
ing through the two plates, placed with their axes parallel, 
we shall see, as in any similar case, the brown or green 
colour of the tourmaline ; but if one of them be turned, 
so that its axis shall be at right angles to that of the other 
(their planes being still pardlel), the light will be whoDy, 
or almost entirely, intercepted. On introducing between 
them a fragment or plate of the mineral under investiga- 
tion, if it do not possess the property of double refi*action, 
no change will take place : but if it refract doubly, light will 
"ble, and in a very singular manner : a number of 
•ic ^^^ ^ nngs will be seen, intersected by a 
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black cross. On turning ^ther plate of tourmaline one 
quadrant of the circle, the appearance will still he the 
same j as also when it has described half, or three quarters 
of a TevolutioQ : bnt at all the four intermediate points, a 
white cross will take the place of the black one, and the 
coloured rings will occupy the dark spaces that intervened 
between those of the former set, figs. 1 and 2. 

If the mineral have but one axis of double re&action, 
and the plate be cut perpendicularly to it, the rings will 
No. ai. No. aa. No. 23. No. 24, 




be drcnlar; if obliquely, they will be elliptic. 

Bnt if the crystal belong to any of those series which 
indicate two axes of double re&action, there will be two 
adjoining systems of coloured rings, traversed by a black 
cross, No. 23; and on turning one of the plates of tonrma- 
line so as to produce the complementary system of rings, 
they will hare the appearance represented in No. 24. 
Many other phenomena presented by minerals; when 
riewed with polarized light, are extremely curious and 
beautiful, but they are far too numerous to be detailed 
here. 

§ 18. The character of transparency exists in various de- 
grees in minerals: some are perfectly trangparent (and 
when colourless also, are said to be litapid,) others, which 
lllow objects to be indistinctly seen through them are 
Kmi-iranaparent : when they transmit only a httle hght, 
they are said to be translucent. Some are translucent only 
on the thin edges of fragments j others are quite opaque. 
But it should be obserred whether opacity is really a cha 
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racter of the species^ or whether it is caused by the inter- 
mixture of some foreign matter. Opacity is sometimes 
also the consequence of decomposition^ loss of water, &c. 

§ 19. With regard to the brilliancy of minerals, there are 
several kinds of lustre which are very distinct from each 
other : for instance, some have a metallic lustre, others a 
viirecms or glassy lustre : others again, either from the na- 
ture of their texture or structure, exhibit an adamantine, 
oily, resinous, waxy, pearly, or silky lustre.* Many sub- 
stances, being of an earthy texture are without lustre^ or 
quite dull : in others, according to their degree of com- 
pactness, we find several degrees and varieties of lustre in 
various parts of the same lAass. 

There is also a kind of lustre peculiar to some minerals, 
denominated semt-fneiallic ; it is very commonly found in 
mica, as well as in some metallic ores. 

§ 20. The degrees of lustre shoidd also be remarked ; the 
highest degree, splendent, is applied almost exclusively to 
the diamond and white carbonate of lead, which £rom 
their very high refractive power have a greater brilliancy 
than any other substance. Many crystals are brilliant, 
others shining, glistening, or glimmering : and these terms 
apply also to the appearance of the fracture, which should 
always be observed when recently made, and before it 
loses the form and lustre that are peculiar to it. 

Some minerals which are soft, and have little or no 
lustre, become shining when scratched by a sharp point. 

§ 21. The colours of minerals are either essential to 
them, as in the sulphurets, oxides, and acidiferous com- 
pounds of most metals, and in those species of which they 
are essential constituents; or they are the effect of a 
casual intermixture of these substances in species which, 
when pure, are naturally colonrless. Of the latter sort are 

• The pearly lustre which ia often to be observed on the bases of prismatic 
cr3n8tal8, appears to be the result of a laminated structure : and the silky lustre, 
of a fibrous structure. 
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tiie colours of felspar^ calcspar^ rock salt^ marble^ and jas- 
per, ia which the varions tints of red and yellow are gene- 
rally due to the oxyde and hydrous-oxyde of iron. Other 
xmnerals derive a brilliant green colour^ some from carbo- 
Bste of copper^ others from the oxyde of nickel or of 
chrome. In species of which the colour is a permanent 
character^ its intensity is often so far varied by a differ- 
ence of texture or a confused crystallization^ that red^ 
brown^ and green substances appear^ in a mass^ to be 
black ; but on being pulverised, their true colour will be 
seen.: it is therefore advisable, in describing a mineral, to 
state what its colour is, when reduced to powder. 

The intermixtures of colouring matter which are merely 
mechanical, render a mineral more or less opaque : thus, 
the red and yellow jasper, already mentioned, are calcedony 
(which when pure is highly translucent, or even semi- 
transparent), coloured by minute particles of oxyde of iron, 
which are themselves opaque. But colours, which, though 
they may not be essential to a species, are the result otchemu 
cal combination, do not impair its transparency: such is the 
violet tint of amethyst, which is derived from a minute 
portion of the oxyde of manganese combined with the 
quartz ; and the green of the emerald, which is owing to 
the oxyde of chrome. 

In consequence of the variable quantity of colouring 
matter, whether chemically combined or otherwise, many 
substances present various tints and shades of colour; so 
that we particularise them, as blood-red, flesh-red, chesnut- 
brown, Umon-yellow, sky-bliie, &c. 

Accidental colours, being unequally distributed, often 
produce parallel bands, either straight or curved, and 
clouded forms, as in agates : sometimes the colour takes 
the form of leaves and moss, or runs through the mass in 
veins, as in marble. 

§ 22. There are still other colours, which are neither es- 
sential to minerals, nor yet produnftd bv intermixture 
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Some^ as the sulphuret of antimony^ exhibit a brilliant 
superficial tarnish^ in whicli the prismatic colours are re- 
gularly arranged. In transparent substances, prismatic 
colours are perceived in the interior, and arise from minute 
cracks or fissures containing films or particles of air : these 
are often moveable by a slight pressure. 

§ 23. A very curious peculiarity of colour called polychro- 
ism * is connected with the phenomenon of double refrac- 
tion. Somfe minerals, placed between the eye and the 
light, transmit different colours in difierent directions: 
tourmalines, viewed parallel to their axis, are generally 
opaque; perpendicularly to it, they appear to be green, 
red, brown, &c. This difierence is not observable in all 
doubly refracting substances; but in some which have 
two axes of double refraction, three dififerent tints have 
been observed. Minerals crystallizing in the cubic system, 
never transmit more than one colour, if their composition 
and texture be homogeneous throughout. 

§ 24. In some minerals, a peculiar light is produced 
either by friction or by heating them, which is called 
phosphorescence. Oh rubbing together two fragments or 
pebbles of quartz, a faint greenish light will be perceived : 
the same eflFect results from certain marbles. Other sub- 
stances, when placed on a heated shoval, emit a brilliant 
phosphorescence, which, in some, is green, in others^ pale 
violet. The best mode of conducting this experiment, if 
the specimen is powdered, or in small fragments, is to 
strew it on a shovel heated nearly to redness : but if it be 
an inch or two in length, it is better to heat it slowly, and 
not beyond the necessary degree ; by which means the 
operation may be frequently repeated without injuring it. 
§ 25. The hardness of minerals is a character very useful 
in distinguishing them : but it is necessary to ascertain it 
with some precision, by comparing it with that of others. 
In order to facilitate this comparison, a scale of hardness 

From two Greek words polw ^-va, colour. 
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has been arranged^ which obviates the use of the indefinite 
terms^ hard^ very hard, rather soft, &c.^ and it is ahnost 
equally vague to say that a mineral is harder or softer 
tlmn some others^ unless these standards of comparison be 
very limited in number. The scale of hardness invented 
by Mohs, and which is very generally adopted^ is sub- 
joined^ and may be referred to when this character is des- 
cribed^ which is now very usuaJ^ by a numeral. 

1. Talc — ^laminated variety 

2. RocksaJt (or uncrystallised Gypsum) 

3. Calcspar — transparent 

4. Fluorspar — crystalline 

5. Apatite— transparent 

6. Felspar — white, crystaline 

7. Quartz — transparent 

8. Topa^ — transparent 

9. Sapphire— cleavable 
10. Diamond.* 

It must be remembered that hardness signifies, in mine- 
ralogy* the resistance which a mineral offers when we 
attempt to cut or scratch it ; and is very different from its 
tenacity, by which we understand its power of resisting a 
blow. The diamond and the sapphire, the former the 
hardest substance in nature, and the latter capable of cut- 
ting everything except the diamond, are so brittle that 
they may easily be shattered by the blow of a hammer ; 
while others, which are very soft, that is to say, easily cut 
or scratched, offer great resistance to a blow. 

§ 26. The degree of tenacity of minerals results from 
their elasticity, and is a character depending on their 
structure. In some, which are compact, it is evident from 
their rebounding when thrown against a hard surface ; in 

* The interval between Nos. 2 and 3, and between 5 and 6, being rathe 
\ greater than the others, some mineralogists have thought it advisable 
I introdoce between the former, Foliated Mica, numbering it 2*5 (two and a ha 
I and between the latter, Scapolite, 5*5 ; in order not to alter the original nun 
atioD of the scale. 
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others^ which are laminated^ from the ease with which the 
laminae after being bent^ return to their former position : 
several minerals also are flexible without being elastic : 
this is the case with several fibrous substances. 

§ 27. The comparative weight or specific gravity of mine- 
rals is a highly important character^ and will often serve 
to identify species. The difference of weight of many 
substances is so great^ that we may frequently recognise 
them immediately by this means: jewellers will thus gene- 
rally distinguish a sapphire^ or topaz^ from an amethyst or 
rock-crystal^ or from coloured glass^ notwithstanding a 
similarity of colour and form. It is therefore desirable to 
ascertain the specific gravity of minerals with precision. 

In order to do so^ we must have a standard of comparison 
which may be termed unity. For this purpose we make 
use of distilled water^ at the temperature of about sixty 
degrees. When, therefore, the specific gravity of gold is 
said to be 19; of lead, 11; and of topaz, 3*5; it is meant 
that gold is nineteen times, lead eleven times, and topaz 
three and a half times as heavy as water. 

The method of determining the specific gravity of any 
solid body is very simple : it is first to be weighed exactly, 
in a delicate balance ; secondly, it is to be immersed in 
water, and again carefully weighed: thirdly, the second 
weight, which is always less than the former, is to be 
substracted from it : fourthly, the first, or absolute weight, 
is to be divided by the difference of the two : the result 
will be the specific gravity of the specimen under exa- 
mination. For, the weight lost by the immersion in 
water, is the weight of a quantity of water, equal in bulk 
to that of the solid : we therefore make a comparison 
between a certain bulk of soUd matter and an equal volume 
of water.* 

* A scale made of open vire-work is preferable for immersion in water, as it 
offers less resistance to moyement in the liquid. In all cases, it should be m> 
curately balanced iohen m the waier^ agair-' *'-- -"•--- scale. 
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Thus a crystal of topaz weighing 100 grains^ weighs, 
when immersed in .water, only 71*43 grains, and if we 
divide 100 by 28*67, which is the difference of the two 
weights, the result will be 3*6, which is the specific gravity 
of topaz. 

In taking the specific gravity of a mineral, it is scarcely 
necessary to remind the student that it should be most 
carefully separated from every foreign substance: but 
even when specimens are selected with the greatest regard 
to purity, it will still be found that the results of different 
experiments vary a little. This appears to arise from a 
difference in their compacity, or mode of aggregation of 
their particles. In several species, of which a number of 
specific gravities were taken by M. Beudant, he found 
uniformly, that small well-formed crystals gave the highest 
numbers. For instance, small crystals of calcspar were 
2*7223 to 2*7234 ; while portions of a large dodecahedral 
crystal gave a specific gravity of 2*7068, and a piece of 
stalactite, only 2.704. It is desirable, on this account, to 
state, in the description of a species, its highest and lowest 
specific gravity. 

§ 28. The property of taste is confined to the soluble 
minerals, of which some are astringent, as the sulphate of 
iron ; a few, alkaline, as carbonate of soda ; others, bitter, 
as Epsom salt ; or somTj as the sulphuric acid which occurs 
among recent volcanic products : a few, as sal ammoniac, 
are pungent. 

§ 29. There are very few minerals which exhale any 
odofUTy unless by the application of heat or moisture. The 
bituminous odour is generally perceptible in the varieties 
of bitumen, and the inflammable substances which contain 
it; and this becomes stronger when they are heated. The 
smell of sulphur, which is known to most persons, is im- 
mediately perceived in its compounds when they are e3 
posed to heat; and by the same means the odour of arser 
becomes evident : it has a great resemblance to that 
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• 

garlic. Friction is in many cases sufficient to produce 
this effect^ as in certain bituminous limestones. 

On the other hand^ many substances when breathed on, 
or otherwise exposed to a slight degree of moisture^ give 
off an odour which, from being strongly perceptible in all 
kinds of clay, is called the argillaceous odour. 

§ 30. All minerals are more or less susceptible of becom- 
ing electric, either by friction, by pressure, or by heat; in 
some, this property may be excited by all these methods. 
A topaz, a tourmaline, and a number of other minerals, 
when rubbed on a piece of woollen cloth, will, like a stick 
of sealing wax or glass rod (so excited,) attract small light 
bits of cotton or thin paper. But the metals, and those 
ores which approach to a metallic state, be- 
ing conductors of electricity, this result can- 
not be obtained unless they are previously 
isolated, by placing them on a support of 
glass, or some other non-conducting sub- 
stance. A very small piece of gilt paper 
attached by a silk thread to a bent glass 
rod, forms a simple apparatus which will 
exhibit the electricity a mineral has thus 
acquired : on approaching it to the gilt paper it will im- 
mediately attract it. The specimen, also, should be sus- 
pended by a silk thread, or held in a pair of pincers* 
having a glass handle. 

The substances which become electric by heat, such as 
tourmaline and topaz, usually exhibit electric poles : that 
is to say, one end of the crystal becomes positively, the 
other, negatively, electric. This may be ascertained by 
premusly communicating to the gilt paper, either kind of 
electricity. For instance, when the crystal is heated, let 
the gilt paper be touched by a stick of sealing wax that 

♦ The latter plan is objectionable if we wish to ascertain whether the sub- 
stance is capable of becoming electric bj simple e^Lposure to heiit, because roiny 
which are not so, become electric by pressure. 
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lias been well rubbed : if the cyrstal^ on approaching the 
apparatus^ repels the paper^ that end is also negatively eke* 
trky and it will be found that the other end attracts it^ and 
is therefore positively electric. The crystals which acquire 
electric poles by heat, have another peculiarity \ namely, 
that their opposite extremities are differently modified: 
tourmalines are sometimes terminated at one end by three, 
at the other by six or nine planes. This is yet more 
striking in the substances whose crystals are cubes modi- 
fied on the alternate solid angles. 

However curious we may consider the electric pheno- 
mena of minerals, they appear to be manifested with too 
much uncertainty to form a distinguishing character. 
Different crystals of the same substance will acquire, some 
negative, others positive electricity, according as they are 
transparent or otherwise ; in general, transparent crystals 
with bright polished faces become positively electric ; and 
such as are not limpid, or have a rough exterior become 
negatively electric. 

§ 31. The only mineral which is capable of becoming 
magnet or loadstone, is the magnetic oxyde of iron : this 
mineral alone, exhibits the magnetic poles ,* but many iron 
ores, and even many other substances which contain a large 
proportion of iron, not too highly oxydised, will attract 
the magnetic needle perceptibly. The metals cobalt and 
nickel likewise possess this property, but less powerfully. 

§ 32. Before we speak of the characters which minerals 
offer when chemically examined, it will be proper to say 
a little about' the various elementary substances of which 
they consist. We are acquainted with about 500 mineral 
species ; some of these are simple or elementary substances: 
that is, our chemical knowledge has not yet enabled us to 
decompose or separate them into different elements. Such i 
are the diamond which is carbon in its purest state, and the 
metals, as gold, copper ^ antimony , &c. ; but the greater 
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number of these elementary bodies exist only in combina- 
tion with these^ or with each other. 

Many substances which mighty at first sight, be thought 
to be simple ones, are in reality, compounds. Water, for 
instance, consists of two kinds of gas, oxygen and hydrogen^ 
chemically combined. In the atmosphere, oxygen exists 
with nitrogen gas, in the proportion of 1 to 4. Oxygen, 
although it is never found alone in nature, exists in so 
many substances, forming oxydes and acids, that it is one 
of the most abundant mineral elements. In the earths, 
lime, flint (or silica), clay (or alumina), and magnesia, it is 
combined respectively with the metals calcium, silichim, 
aluminium and magnesium, which are called their bases. 
It exists also united with iron, copper, tin, lead, and some 
other metals, in their ores : the above named combinations 
are called oxydes. With sulphur, oxygen produces suU 
phuric add; with nitrogen, nitric add; with carbou, car- 
bonic add or fixed air. These acids, again, are combined 
with the earths, alkalies, and other oxydised metals, form- 
ing sulphates, nitrates, and carbonates. Some of the oxy- 
dised metals too, as arsenic and chroma, play the part of 
acids, and mineralise other metals and earths ; therefore, 
we have chromate of lead, arseniate of iron, of lime, &c. : 
and, among the earths, it is found that silica is the most 
active or mineralizing agent; producing silicates of the 
earths, alkalies and metals. 

Sulphur, not acidified, is found combined with several 
of the metals, as iron, silver, copper, &c. : these com- 
binations are termed sulphurets; two or more are often 
combined in the same species. In like manner, the 
compounds of arsenic are called arseniurets, of tellurium 
tellururets, Soc. 

§ 33. Some metals, as iron and manganese, combine 
with different proportions of oxygen, and these com- 
binations which are always very different in their pro* 
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perties and characters are distingaished by the terms 
protoxyde and peroxyde, the latter always implying a 
larger quantity of oxygen than the former : in like man- 
ner^ some of the earths^ as silica and alnmina^ are 
peroxydes^ whfle others^ as lime and magnesia are pro- 
toxydes. It is important to remember this distinction, 
because a curious property called isomorphism^ is con- 
nected with it. Isomorphism signifies similarity of form: 
and it is found that there are in nature several elements 
which have so close a resemblance in the form of their 
molecules or particles, and in their crystalline tendencies, 
that in numberless minerals they replace each other, 
without sensibly affecting the crystallization of the com- 
pound : or they produce only a slight variation in some 
cf the angles. Thus in the different kinds of garnets, we 
find in some, more alumina, in others, more peroxyde of 
iron, without any change of form : and in the different 
varietieis of augite and hombleude, we find lime and 
magnesia replaced, wholly or in part, by the protoxydes 
of iron and manganese; their crystallization remaining 
the same. These elements are therefore said to be 
iiomorphous : and besides those just mentioned, the same 
timilarity exists between the protoxyde of lead and the 
earths baryta and strontia; between arsenic and phos- 
phoric acid and some few other substances. 

§ 84. Tlie principal distinction to be made, then, between 
the constituents of minerals, is this : a certain number of 
tkem are the active elements which mineralise the others, t 
The most simple compounds (consisting of only two ele- 
ments) are called binary, and in those which occur in 
nature, it is found that one of the constituents must always 
be one of the twelve following substances : 

* Itoi^ Gr., similar, and morphty form. 

t To explain the classification into electro^negative and electro-posii 
•olMtaiioes, of the elements of the mineral kingdom, would be eneroachinf 
much on the province of Chemistry; or, at least, would be incompatible w 
work of so limited a nature as the present. 
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Oxygen 


Antimony 


Sulphur 


Selenium 


Arsenic 


Tellurium 


Chlorine 


Mercury 


Carbon 


Gold 


Fluorine 


Osmium 



§ 35. But the greater number of the fifty-nine elemen- 
tary substances known to na, form but a small portion of 
the earthy as far as we are acquainted with it. The granite 
and trap rocks^ the limestone^ slate^ chalky sand and day 
strata^ which we meet with all over the globe, consist 
principally of the earths above named^ the alkalies potash 
and soda, iron, carbonic acid, and chlorine. Water, also, 
enters largely into the composition of many substances as 
an essential component : this will not appear extraordinary, 
if we caU to mind the familiar experiment of casting with 
plaster of paris. 

Of the metals, some, as silver, copper, tin, lead, although 
they are abundant in comparison with teUurinm, cerium, 
and others, occur, with the exception of iron (which enters 
as a necessary constituent into many of the so-called 
earthy minerals), only in very thin beds called veins, which 
traverse some of the siliceous and calcareous jocks : wlule 
many have been found only in a few distant localities, and 
are unknown, except to mineralogists. 

§ 36. With regard to the chemical examination of mine- 
rals, there are two modes of operation, called the moist and 
the dry : in the former, they are dissolved, either in water, 
or if that is not possible, in some add ; in the latter, they 
are exposed to great heat by means of a bknvp^e. For 
the mineralogist this mode of operation is by far the most 
convenient; both, because the results are quickly obtained, 
and because very little apparatus is necessary : he requires, 
for his fiimace, only a lamp or candle ; some strips of 
platinum foil, and a pair of pincers with tips of the same 
metal, for supporting the specimens to be assayed ; or, in 
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some cases^ a piece of well-burnt and solid charcoal : and 
a few small bottles containing fluxes. 

§ 37. The blowpipe, in its simplest form, is a bent tube, 
nine or ten inches long; at one extremity tapering to a fine 
point. It is used to direct and con- 
centrate a flame, by supplying to it a 
constant stream of air, in one direction; 
the small end being placed just within 
the flame, and the air being furnished ( 
by the operator blowing through it. 

Some diflBculty may be experienced 
at first, in producing an equal and un- 
interrupted stream of air, and a steady 
flame : it can only be eflected by sup- 
plying the air, not immediately from 
the lungs, but from the mouth, as from 
a reservoir^ which must not be allowed 
to become exhausted; otherwise, the experiment will be 
incessantly impeded by the necessary act of respiration. 

Some blowpipes have a cylindrical or globular cavity, in 
which the moisture of the breath is condensed and re- 
tain^*; it might otherwise be carried by the draught 
into the flame, and would interfere with the experiment. 

A silver tube is the best, as not liable to corrosion : 
brass communicates an unpleasant smell to the fingers, 
but a cheaper instrument may be made of tinned iron, the 
cavity being square and placed at the bend. In aU cases, 
however, the tip should be of platinum and removable, 
that it may be cleansed if necessary, in acid, or by heating 
it to redness. 

A small lamp, fed either with oil or melted tallow, will 
furnish a good flame for the exercise of the blowpipe ; but 
a candle with a large wick may be used, and in travelling 
is perhaps the most convenient. 

When the student can produce a steady flame with 

♦ This cavity is made in two parts and nnscrew 
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instrument, he will find that it now consists of a cone of 
yellow light, inclosing a blue one. The heat is most in- 
tense at the extremity of the blue flame : this is called 
the reducing flame^ because it de-oxydises, wholly, or in 
part, the substances that are exposed to it, and it is capa- 
ble of melting a great number that are not fusible in the 
outer one. The latter is called the oxydising flame^ 
because, as it does not entirely prevent the contact of 
the air, it permits the subject of experiment to become 
oxydised. 

In the inner flame, some of the metallic oxydes are re- 
duced to the metallic state; and their reduction is assisted 
by placing them on a piece of charcoal as a support, be- 
cause it absorbs the oxygen from them when heated. For 
this purpose, a small hollow may be scraped in the char- 
coal, and the mineral (previously crushed or powdered) fixed 
in it with a little wax or taUow, which wUl prevent it from 
being displaced on exposure to the draught of air, and 
will quickly bum away. 

Aquaatity, varying from the size of a mustard seed to 
that of a peppercorn, is ample for most experiments. 
Sulphurets, when heated, give off the odour of sulphur, 
and after some time, they are generally reduced to the 
metallic state. When arsenic is combined with them, the 
smell of garlic will be perceived: and the few which con- 
tain selenium f afford a pungent odour like that of horse- 
radish. 

§ 38. Some minerals, both earthy and metallic, are 
fusible by the blowpipe without addition; but many 
others cannot be melted unless mixed with some alkaline 
or saline substance, with which they fuse into a glass, 
more or less transparent, or a kind of enamel: these 
salts are called fluxes: carbonate of soda, borax, and 
salt of phosphorus, are most commonly used, and they 
may generally be placed with the subject under ex- 
amination, on a slip of platinum foil. In some cases. 
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the glass produced by fdsion is colourless, contaming 
small globules of the reduced metal; in others, it receives 
firom the metal a colour which is peculiar to it: thus, 
the ores of cobalt melted with borax (or common glass,) 
will always produce a fine dear blue colour; those of 
manganese, a rich purple] like that of the amethyst. It 
must be remarked, however, that the same metallic oxyde 
will produce different colours with different fluxes, or in the 
two flames, and therefore, if the result of one experiment 
flihould not be satisfactory, it may often be yerified by a 
second. The annexed table, shewing the results obtained 
by subjecting several oxydes to the action of the blowpipe, 
with different fluxes, wiU be found useful for reference. 

When a mineral is heated in a closed glass tube, by 
directing the flame against and beneath it, if it contain 
water, it will be volatilized, and condensed on the upper 
surface. If fl/uorine be one of the components, the glass 
may be corroded by it : but this gas is not always dis- 
engaged without fusion with salt of phosphorus. 

§ 89. As it is not possible in this introduction to detail 
most of the experiments for examining minerals by solu- 
tion; we wiU observe. First, that effervescence on the ap- 
plication of an acid, generally indicates a carbonate: in all 
carbonates of lime the effervescence is very brisk, but in 
some other species it is scarcely perceptible without the 
assistance of heat. Secondly, that some minerals that do 
not effervesce, when dissolved in acids, are converted into 
a gelatinous substance ; this is the case particularly with 
some siUceous minerals that contain a portion of alkali : 
heat is often necessary to accomplish this change, and the 
add employed should be strong; but to produce effer- 
vescence, the acid should be diluted with water. 
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SECTION II. 

Minerals — and in the arrangement of the unorganised 
portion of the globe, may be included water, the air, and 
other natural gases — are naturally divisible into three 
classes, based on the mineralising (or electro-negative) 
principle they contain. Each of these mineralising ele- 
ments is the base or type of a family: the families are 
divided into genera, each containing one or more species. 
The substances which are comprised in the first class have 
for their type, elements which are capable of forming ^er- 
manent gaseous combinations,witli oxygen, or with hydrogen, 
(w with fluorine: they have, therefore, received the name 
of ffozolytes. These substances are silicium, boron, carbon, 
hydrogen, nitrogen, sulphur, chlorine, bromine, fluorine, 
selenium, tellurium, phosphorus, and arsenic. 

In the second class, the mineralising substances are 
characterized by forming colourless solutions in acids, and 
may, therefore, be called leucolytes.^ The bases of the 
families in this class are antimony, tin, bismuth, mercury, 
silver, lead, alumina, magnesia. 

The third class unites minerals in which the bases of 
the families produce coloured solutions in acids, whence 
they have been named chroicolytesf: these substances are 
manganese, iron, cobalt, copper, uranium, palladium, 
platinum, gold, chrome, molybdenum, tungsten, titanium, 
tantalum. 



Family I. — Silicides. 

Crenus I. Silica. 
— — II. Silicates. 

• From two Greek words leticos white, and lutos soluble, 
t Chroikoti coloured, and lutoi. 
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The genus silica contains but two species — 
1. Quartz. 2. Opal. 

Quartz presents very numerous varieties of form^ colour^ 
transparency, &c.: but it may be distinguished into two 
principal kinds, vitreous and calcedonic. 

Vitreous Quartz in its purest and crystalline state is 
familiarly known as rock-crystal, a transparent colourless 
substance which may be distinguished by the following 
characters. 

Insoluble in all adds. 

Infasible alone by the blowpipe, but easily melted with 
the addition of caustic alkali, into a'glass. 

Giving off no water by calcination. 

Crytallizing in the rhombohedral system ; primary form 
a slightly obtuse rhomb; inclination of two adjoining 
faces, 94° 15'. 

Possessing a certain degree of hardness, considerably 
greater than that of glass =. 7. 

Specific gravity =• 2*65. 

Lustre, when transparent, vitreous and shining or 
brilliant. 

The cleavages are obtained seldom and with uncertainty, 
and when they are produced, the surfaces are generally 
somewhat curved, shewing a tendency to the conchoidal 
fracture which characterises most varieties of this mineral. 

Primary crystals are of rare occurrence, and are gene- 
rally very small. The double six-sided pyramid also, is 



No, 27. 



No, 28. 



No. 29. 






seldom an inch in diar 



ismatic crystals are 
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found sometimes of very large dimensions. The faces of 
the pyramids which terminate them^ are sometimes equal 
and regular^ but in other specimens their size is extremely 
unequal. It is worthy of remark^ that the faces of the 
prism^ however bright^ are almost invariably striated 
tnoisversely to the edges ; but those of the pyramids are 
perfectly smooth and polished. Specimens of quartz fif«. 
quently exhibit only the pyramids of crystals closely 
grouped: this is mostly the case when the structure of the 
mass is radiated. 

Crystallized quartz is of various colours ; when of a pur- 
ple tint, it is called amethyst. The ancients valued this 
gem for the property which their superstition attributed 
to it, of preserving from intoxication any person who 
wore it.* 

In Brazil, rock-crystal is found of a clear topaz yellow, 
of various depths. Smoke-brown crystals, also, which are 
called Cairn Gorm stonesf, are often perfectly transparent; 
but this colour is sometimes so dark as to render the quartz 
black and opaque. 

Bed oxyde of iron dispersed through quartz gives it a 
bright red colour, but renders it opaque: very perfect 
crystals of this kind, of a small size, are found at St. Jago 
de Compostella, in Spain. The neighbourhood of Bristol 
fiimishes specimens of a similar kind, as well as yellow 
quartz. These ferruginous varieties, called by the Ger- 
mans, Eisenkiesel (ironflint), consist sometimes of minute 
crystals aggregated together, and cemented by ochry 
oxyde of iron, forming a granular mass. 

Quartz is occasionally found in crystalline forms be- 
longing to other minerals, such as the cubes of fluorspar, 
lenticular crystals of gypsum, and dodecahedrons of calc- 
spar : these are called pseudomorphom crystals, and ha^ 
neither transparency nor brilliancy. In some cases, 

♦ J, 6r. not, and methustos drunk, 
t From the mountain Cairn Gorm in '^' 
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quarts has formed an incrttstation on crystals which have 
afterwards been removed by decomposition: in others^ 
quartz has filled up^ and^ as it were, been cast in the empty 
mould left by previous decomposition. 

There is eiao a singular variety of quartz of so spongy a 
texture, that the multitude of interstices filled with air, 
enable it to float on water : it is called floatstone or nectic 
quartz, and is found in the calcareous formations near Paris. 

Massive quartz of a pale rose colour, strongly trans- 
lucent, is found in considerable quantity in Bavaria: it is 
generally much veined, and the colour is unequal. It occurs 
in other localities, but of inferior beauty. The fracture of 
rose quartz has a somewhat oily lustre, which is observable 
also in the white massive quartz, which forms considerable 
veins in granite, slate, and other rocks: this kind is nearly 
or quite opaque. 

Sand is quartz in minute grains, rounded or angular, 
sometimes white, but more often coloured reddish or yel- 
lowish brown, by oxyde of iron. In sandstone the grains 
are cemented, and intermixed with sometimes siliceous, 
sometimes argillaceous, and less often, by calcacerous 
matter. Of the latter kind, beautiful groups of crystals 
have been obtained at Fontainebleau, having the form of 
a rhombohedron of calcspar. 

Sandstone is found in Brazil and China, which, when 
cut into thin slabs^ is distinctly flexible. 

Prasel^ is quartz rendered nearly opaque, and of a dark 
green colour, by minute fibres of actinolite penetrating it 
in all directions. Saxony and Bohemia produce the finest 
specimens. 

The beautiful stone called avanturine is quartz of a 
finely granular structure, reflecting the light from an 
infinity of brilliant points. There is another kind in 
which an efifect nearly similar, arises from the interspersion 
of minute scales of gold-coloured mica. 

* Proton, Greek, a leel' -nr. 
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The Cats^ Eye, a gem much prized in the East, is quartz 
of a closely fibrous structure, so that wheu cut in a convex 
form, it reflects, like satin spar, a bright band of light with 
a silky lustre. Its most uimal colours are greenish grey 
or a deep orange inclining to brown. It has been brought 
from near the Cape of Good Hope; but Ceylon is its 
chief locality. The finest amethysts are brought from 
India and Mexico : the largest rock-crystals from Mada- 
gascar. Ayanturine is often found in rolled pebbles, in 
Spain, Brittany, and some other places; also, massive 
(quartz rock) in some parts of the Alps, and Scotland. 

Calcedonic quartz. — In its chemical characters it nearly 
resembles rock-crystal; but when calcined, it becomes 
white; its hardness is the same, with greater tenacity. The 
firacture of all the varieties is conchoidal ; in black flint 
very large and perfect, but seldom having any lustre. 

Calcedony is in general strongly translucent, sometimes 
semi-transparent, and of a bluish or yellowish- white colour: 
more rarely of a pale blue, inclining to lavender. In some 
rocks it fills the greater part of veins in parallel layers of 
different shades, alternately translucent and opaque : and 
it lines, with similar layers, large and small cavities, partly 
filling their interior with stalactitic and mammellated forms, 
which are sometimes covered with quartz crystals. Very 
fine specimens of this kind are obtained from the basaltic 
and amygdaloidal rocks of the Ferroe Islands and at 
Oberstein*, in the Palatinate, where this and many other 
varieties of calcedony and agate form large veins, and have 
been quarried for ages. 

Onyx is a striped calcedony formed of alternate layers 
of brown and white : this kind has been much esteemed 
since a very early period for the small sculptures of heads 
and figures called cameos. By the skill of the artist, a 
brown or a white layer is made to serve as a back ground 
to the figures which are left in relief on it ; and by cutting 

♦ About 30 miles southward from Co*-'—*- 
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it to different depths, difiSerent tints are obtained, suited 
to the various parts of the subject. The ancients have left 
many beautiful works of this description; among others, 
there is in the National Museum at Paris, one representing 
the Apotheosis of Augustus, which measures eleven inches 
by nine. The Mantuan-vase, at Brunswick, supposed to 
be the largest cameo in existence, is a vessel about seven 
inches high, shaped like a cream jug : the figures, which 
are white and yellow, relieved on a brown ground, repre- 
sent Ceres and Triptolemus in search of Proserpine. 

Camelian^ is a variety of calcedony which has a sightly 
shining lustre when broken : the white and pale red car- 
nelians are mostly cut from pebbles which have naturally 
those colours : but when they are deep red, they have had 
their tints brightened by exposure to the sun's rays. In its 
native state, this kind appears of an intense brownish red; 
and in commerce is generally called sarde.\ Camelian 
pebbles are common in many of the sandy plains q£ 
Africa, India, and Asia Minor. 

Sardonyx implies a striped or onyx calcedony, in which 
some of the bands are of a red colour. 

Flint is a well-known variety of compact silica, which 
occurs chiefly in i)ebbles or nodules. The black flints that 
are used for guns are distributed through the chalk in ex* 
tensive beds : they are often partly calcedonic, or contain 
crjrtaUized quartz in their cavities. The analyses of flint 
shew that in some instances a minute proportion of carbon, 
and sometimes of carbonate of lime, is combined with it, 
supposed to be the remains of organised matter. 

Homstone differs from flint chiefly in having a less even 
texture, and in breaking with a splintery uneven fracture; 
it constitutes large masses and beds in limestone rocks, 
and is frequently the petrifying substance of wood and 

♦ Camelian ; caime firom caro^ Lat. flesh, on account of its colour. 
t Sard; either from 8arx Gr. flesh, or Sardia in Lydia, whence it was fint 
obtained. 
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madrepores, in which the organic structure is perfectly 
distinct, and the colours are sometimes beautifully varied. 

Ckrysoprase!^ is calcedony of a bright clear green colour, 
which it derives from a minute portion of the oxyde of 
nickel. It is peculiar to Lower Silesia. When the colour 
is equal, and the chrysoprase strongly translucent, it is 
very beautiful, and much valued as an ornamental stone. 

Bloodstone or Heliotrope^ is an intimate mixture of 
calcedony with a substance called green earth, which owes 
its colour to iron. It is opaque, or nearly so, unless when 
the mixture of the two minerals is incomplete. The red 
spots, which it often contains, are jasper; but it is said that 
the name bloodstone is not derived from these, but from a 
belief that the stone had power to staunch an effusion of 
blood. 

In moss agates and moehastones, green earth and other 
colouring matters occasion dendritic forms which resemble 
leaves and moss. But agate is a name given to many 
combinations of calcedony, carnelian, quartz, amethyst, and 
even flint and jasper. 

The last named substance is calcedony or flint, co- 
loured by a large proportion of peroxyde of iron. The 
brown Egyptian pebbles are jasper: and bright red and 
yellow jasper intersected by slender veins of white quartz 
occur in masses of great extent in Sicily and the Appe- 
nines, besides many other localities. It is sometimes green 
and deep yellow. 

Flinty slate or Lydian stone, the touchstone of the jew- 
ellers, is a kind of flint containing carbonaceous matter: it 
forms strata of small extent in limestone rocks. It is 
black, or dark blackish green, and opaque. In order to 

* The andeotfl gave this name to a stone which, as the name imports, was of 
a golden green colour, {chrwos, gold :) it is doubtfhl whether the modem chry- 
soprase is the same substance. 

t PUnj speaks of heliotrope as a stone that was used for solar obeenrationiB : — 
Miof^ the sun, and trope, a turning. 



42 OPAL. 

ascertain the fineness of gold^ it is drawn across the stone, 
and the trace of metal is assayed with acid. 

2. Opal* (Hydrate of silica). 

Precious or noble opaL — ^This variety is the one most 
generally known : its great beauty rendering it a valuable 
object of research. 

It is vitreous, transparent, and has a pale bluish or yel- 
lowish tinge ; sometimes also it is milky and semitrans- 
parent. It exhibits the most brilliant colours in flashes 
and sparkles, and sometimes the interior of the stone seems 
fiUed with coloured light. It is rather less hard than 
quartz and more fragile, particularly when much veined 
with cracks. Specific gravity 2*11 to 2*8. By calcination 
it gives oflF water, of which it contains from 6 to 11 per cent. 

Opal sometimes loses partly, or even entirely, its 
beautiM play of colours, especially if kept in too warm a 
situation: this is attributed to its losing some of the 
water essential to its composition: from the same cause it 
sometimes falls to pieces. The largest and finest speci- 
mens are brought from Kaschau in Hungary, wh6re smal 
masses are embedded in a cellular porphyritic rock : they 
seldom exceed a nut in size; but there is a splendid spe- 
cimen in the Imperial collection at Vienna about as large 
as a man's fist, probably unique. It has been discovered 
more recently at Honduras. 

Fire opal (Girasol), a Mexican variety, of a dull yellow 
or reddish colour, semi-transparent, which reflects in the 
interior a bright red light. 

Common opal. It is so called, when transparent and 
vitreous, without reflecting the brilliant colours of pre- 
cious opal. 

Semuopal or pitch opal, (Opaleferrugineuse; Silex r^sinitej 
Jaspe-opale,) occurs of many shades of yellow and red, 

^ Opal, from opa^ the eye: it was belieyed, anciently, to have the power of 
itreDgtbening the sight. 
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passing even to dark brown tints, chiefly from tlie inter- 
mixture of peroxyde of iron and alumina, whicli render it 
opaque or feebly-translucent. The fracture of semi-opal is 
oonchoidal with a waxy or resinous lustre. It is less hard 
than quartz and more brittle ; characters, which, together 
with its lustre, will distinguish it from jasper, with which 
however it appears to be sometimes intermixed, passing 
into it by imperceptible gradations. 

Cacholonff* is a bluish-white translucent opal, having a 
vitreous lustre; which is sometimes interstratified with 
calcedony. The exterior is often in a decomposing state, 
and is then opaque, with a compact earthy fracture, and 
from its strong disposition to absorb water, will adhere 
slightly to the tongue. 

Hydrophane\ belongs to this variety, it is opaque and 
dull; but on being immersed in water, it gradually 
becomes translucent, emitting streams of minute air bub- 
bles : some pieces, after immersion, present the brilliant 
colours of precious opal. 

Menilite, so named from its locality, Menil Montant, 
near Paris, is of a dark liver colour, sometimes greenish, 
and occurs in flattened reniform masses, which break with 
a somewhat slaty structure, and but little lustre. 

Siliceotcs sinter, (Opale incrustante; Tuf du Geyser;) this 
is a deposition of opaline silica from the water of the boil- 
ing springs in Iceland. It is usually of a light grey colour, 
and varies much in its texture : specimens, from the inte- 
rior of the basin are compact, with a glistening lustre, and 
appear stratified, as if produced by successive depositions ; 
those from without the basin, are generally porous and 
enclose fragments of grass and herbs : sometimes it con- 
sists of small rounded pearly masses. 

Hyalite (MuUer's Glass) occurs in small rounded masses, 
as if dropped on the surface of the rock. 

* From the river Cach in India. 

t Eudor, Gr., water, and epkanCf it shines. 
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Silicates. 

The genus Micate includes the greater part of the 
species which form the crystalline and aggregated rocks : 
it also comprises most of the minerals called precUms 
stones, and of those which on account of their hardness 
and beauty are well adapted for ornamental purposes. 

Aluminous silicates^ either simple^ or combined with 
silicates of other bases^ are the most numerous^ and the 
most abundant of the species. 

1. Ktanite (Disth^ne, Sappare^ Bhsetizite). 

In the mica-schist of St. Gothard and some parts of the 
Tyrol are found embedded crystals of this mineral: they 
are prisms^ haying generally eight sides^ rarely with any 
perfect terminations, and deayable with ease^ parallel to 
the broader faces of the prism. Kyanite is generally pale 
blue, sometimes colourless ; transparent, with a somewhat 
pearly lustre, and sufficiently hard to scratch quartz. 
Specific gravity 3*50. Before the blowpipe, infusible. 
The variety called Bhaetizite is radiated, and sometimes of 
a pale red or lilac colour. 

This mineral contains about 36 per cent, of silica and 
64 of alumina — ^it is a subsUicate. It is often associated, in 
the same rock, with small garnets and the following species. 

2. Grenatite (Staurotide*; Pierre de croix). 

The crystals of grenatite, when black, are opaque ; but 
they are often of a dark brownish-red colour, and trans- 
lucent. They are either rhombic prisms (obtuse angle 
129® 2(y) or hexagonal, and are frequently grouped so as 
to form a cross. The fracture is vitreous, or inclining to 
resinous. Specific gravity 
3*2 to 3*9: hardness, about 
the same as of kyanite. 
It has never been found 
nor in slender or 
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massive, 

radiated crystals. Grenatite consists of silica with alu- 

• Stauroit Gr. a crosa— Gn ■ <<aniet colour. 
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mina and peroxyde of iron ; but tlie proportion of tlie two 
latter^ being isomorplions^ varies in different specimens. 

3. SiLLiMANiTE^ a Combination in equal proportions^ of 
silica and alumina^ whicb crystallizes in oblique rhombic 
prisms of a grey colour, bas been found only in Connecti- 
cut : it is barder than quartz. 

Porcelain Earth (Kaolin); a white earthy mineral of soft 
fine texture, has nearly the same composition; but from 
some localities, it contains water. It proceeds from the 
decomposition of felspar, and in some granitic districts, 
forms extensive beds. Large quantities are obtained at 
St. Austle's Moor in Cornwall, for the use of the porcelain 
manufactories. 

There are several species of silicate of alumina com- 
bined with water, among which are 

4. Fullers' Earth (Terre a foulon), a soft earthy sub- 
stance of a light brown or greenish grey colour : it falls 
to pieces in water and readily mixes with it, but does not 
form a plastic paste. 

Cimolite, a reddish earth from the island of Cimola in 
the Archipelago, is a similar substance and used for the 
same purposes.* 

Bol, of a bright red colour, which it owes to the per- 
oxyde of iron; and a paler sort obtained from Lemnos^ 
which is much esteemed in the east for its supposed medi- 
cinal virtues, are nearly the same substance. 

KoUyrite, halloysite, pholerite, lenzinite, and rock soap, 
80 called from its soft soapy texture, belong to this group 
of species: they all consist of the same constituents: silica, 
alumina, and water, with small quantities of iron, they do 
not crystallize, and afford water on being heated in a 
closed tube. 

Lithomarge, of a yellowish or reddish colour, is ar 
earthy substance, which is more abundant, particular 
in Saxony where it fills veins, intermixed with topazes ai 
quartz. 
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Silicates of Alumina witli Olucina. 

5. Emerald (Smaragd). 
Beryl or aquamarine. 

These two minerab are essentially the same substance 
and differ only in their colouring matter ; which in the 
emerald is oxyde of chrome, and in the beryl, oxyde of 
iron. The crystals of both are hexagonal prisms, some- 
times modified, but rarely with pyra- No, 32. 
midal terminations. The prisms of the /^^^\ 
beryl are often rounded and deeply /W^-v/^ 
streaked laterally. Their hardness is 
between 7 and 8, which is greater than 
that of rock crystal. When broken, the 
fracture is generally conchoidal and perfectly vitreous. 
Composed of silica 68-3, alumina 17*60, glucina 13. The 
beautiful green of the emerald is always the same, varying 
only in depth : the beryl is sometimes greenish-blue, sea- 
green, of different shades of yellow, and occasionally al- 
most colourless. Small and moderate sized crystals are 
generally transparent : the finest of these come from Brazil 
and Siberia, where they are associated with quartz and 
topazes. The opaque beryl is of a greenish or yellowish 
white colour, and is found in crystals of immense size. In 
North America prisms four feet in length are said to be 
found embedded in granite and gneiss rocks ; the planes 
of the prisms being five inches in width. In France also, 
near Limoges, they occur of very large size. Both varie- 
ties are fusible by the blowpipe, but with some difficulty, 
into a frothy glass. 

6. Euclase*, a very rare mineral, containing 21 per cent 
of glucina, has been found only in Brazil and Peru, in 
transparent crystals of a pale bright green colour. Its 
form is an oblique prism variously modified. Euclase is 
-characterised by its great brittleness, the facility with 

bich it becomes electric by heat, and the length of time 

♦ Euj gr^ easily and cUme, a fracture : from its brittleness. 
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it retains this property. These characters and its crystal- 
lization distinguish it from beryl and from the following 
species. 

7. Chbysobbryl (Cymophane; Oriental Chrysolite). 

Its crystals, derived from a right rectangular prism, are 
often much modified and have a tabular appearance. In 
Connecticut and other parts of the United States they 
are embedded, along with beryls and garnets. In Brazil 
and Ceylon they occur as rounded pebbles in the sand of 
rivers, intermixed with zircons, spinel rubies, and other 
hard substances which have been washed out of the debris 
of rocks, their original repository. 

The colour is a very pale green inclining to yellow, 
sometimes displaying in the interior a bluish floating 
light. On account of its pleasing colour and great hard- 
ness it is employed in jewellery. Its specific gravity, 
which is 3*6 to 3*7 ; its greater hardness, which is above 
that of topaz ; its complete infiisibility and its crystalliza- 
tion, distinguish it from the two preceding species, and 
from topaz. It contains 15 or 16 per cent, of glucina. 

Silicates of alumina with Ume, iron, &c. 

8. Garnet. 

There are several kinds of garnet, differing from each 
other in their colour and transparency, and even in their 
composition, yet having the same crystalline forms and 
nearly the same hardness; and being all fusible by the 
blowpipe, and insoluble, or with difl&culty soluble, in acids. 
Most of the varieties afford distinct cleavages parallel to 
the faces of a rhomboidal dodecahedron, which is there- 
fore to be considered their primary form ; their hardness 
varies from 7 to 7*5, and specific gravity from 3*35 to 4*24. 

Pyrope (Almandine; Precious garnet) is of a crimson- 
red inclining to violet or to brown ; generally transparent, 
or strongly translucent. Crystals, either simple dodeca- 
hedrons, or with the edges replaced, or trapezohedrons 
(figs. 9, 18), which are embedded in rocks, particular!- 
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those of tlie older fonnatioiis, wliere it alao occurs in 
roundish grains. Fracture yitreons^ and generally oon- 
choidal. Fosed by the blowpipe, it becomes a black globule, 
sometimes semi-metaUic, and attractable by the magnet. 

Groswlar.^ This kind of garnet, which contains little 
or no iron, is of a pale yellowish green, nearly opaque ; or 
transparent and of a bright yellow or orange-colonr 
(topazolite). Colophonitef is a granular variety which 
occurs principally in veins in Norway and Sweden ; and 
Cinnamonstone (Essonite) resembles it very much in 
lustre and colom*, but is fomid in lai^r fragments in 
Ceylon, where it forms part of an a^regate rock. It is 
sometimes used in jewellery. 

In the variety called apUyme^ the faces of the crystals 
are striated parallel to the edges of a cube. 

MelaniteX and Pyreneite^ ; black garnets. The former 
occurs in the Yesuvian lavas and some calcareous rocks of 
Norway; the latter in the Pyrenees., When fused by the 
blowpipe they produce a black globule attractable by the 
magnet. This kind is less hard than the preceding. 

Manganesian garnet (Spessartine) is of a dull red or 
reddish-brown colour : manganese, in this kind, replaces 
the iron. Another variety (from Russia) derives a bright 
green colour from the oxyde of chrome. 

The pyrope or precious garnet is the same as the car^ 
buncle of the ancients : the finest are now obtained from 
Bohemia and Oreenland. Garnets frequently occur in 
metalliferous veins, and small ones have been found in 
Cornwall. 

9. IdocbaseII (Yesuvian; Baikalite; Acanticone). This 
mineral does not differ much in composition from some of 
the garnets, consisting of sUica, alumina, and lime, with 

* Groseille, from its colour. 

t Kolophonift (piz) resin : from its colour and lustre. 
X Meltu, Or., black, i Pyreneite, found in the Pic Eredlitt of the Fyrenees. 
Q JSWo», gr. a form, and krasia, a mixture— signifying a mixed form ; becaoae 
it resembles several other species in its crv«fjii«««rt/>i^ 
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wme pTotoxyde of iron : but its crystals are derived from 
a square prism. In hardness it is scarcely equal to quartz^ 
and its specific gravity is 3, or 3*4. The prisms are gene- 
rally modified on aU the edges^ and often on the angles^ 
(fig. 24.) those which are of a clear olive-green colour, are 
generally transparent, and sometimes very brilliant.: the 
dark green ones are mostly opaque. Fine crystals are ob- 
tained from the vicinity of Lake Baikal; and it is abund- 
ant in the lavas and crystalline rocks ejected from Vesu- 
vius, both green, and of a dull garnet colour, intermixed 
with mica and sommite. Fusible into a bead of yellowish 
glass, transparent or translucent. Most varieties are so- 
luble in the acids more readily than the garnets. 

10. ScAPOLiTE (Wemerite; Arctizite; Paranthine). 

A mineral which is very abundant in some parts of 
Sweden and Norway in the great tracts of iron ore, where 
it is often intermixed with garnets, epidote, and some other 
substances. Its colour is pale grey or greenish grey, and 
it occurs in slender square prisms either embedded in lime- 
stone, or in separate groups. Hardness rather less than 
of felspar, 5-5 : specific gravity 2-j5 to 2'7: fusible with dif- 
ficulty. It has been found in North America, but not in 
Great Britain. 

The small limpid crystals called meiomte, which are 
found in some lavas and in the dolomite of Vesuvius, 
appear to belong to the same species : their form, hard- 
ness, and specific gravity are the same; both consist of 
siUcate of alumina with silicate of lime. 

TkulUey which is of a rose colour, is very similar in 
composition; it is found at Tellemarken, in Norway. 

Gehlenite, another variety, containing more lime, occurs 
in the Tyrol : infusible. 

11. Epidote* (Thallite; Pistacite; Arendahlite). 
This mineral crystallizes in modified rhomboidal prisms, 

♦ 1% received the name ThaUite from ThoBos, gr.> the hud of the olive tre« 
from its colour ; Pistacite from the pistachio nut, also from its colour j arendahlit 
from Arendahl in Kcnrway. 
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whicli liave an unsymmetncal appearance from the base 
of tlie primaiy being an oblique-angled parallelogram; 
they are referable to the fifth series of solids. The colour 
is generally a rich yellow-green; varying firom transpa- 
rent, in small bright vitreous crystals, to opaque in granu- 
lar masses, or when it is disseminated in rocks. Hardness 
varying from 6 to 7 ; brittle ; specific gravity 3*2 to 3*46. 
Very large crystals are obtained from the granitic rocks 
of Norway and Sweden ; and beautiful specimens, chiefly 
of small groups of crystals associated with felspar, from 
Dauphin^ and the VaUey of Chamouni. 

Epidote contains 38 parts of silica, 27 of alumina, with 
lime aud protoxyde of iron. 

Zoisite is considered to be a variety of the same species, 
in which the protoxyde of iron is replaced by lime. It is 
generally of a light grey colour, opaque, rarely crystallized, 
but cleavable in two directions, Soth kinds, when exposed 
to the action of the blowpipe, earfoliate, or separate into 
1 minae in the direction of the cleavages; but melt only 
on the edges. 

Manganesian Epidote is a variety of a purplish-brown 
colour, peculiar to St. Marcel, in Piedmont, occurring in 
manganesian ores. 

12. loLiTB (Dichroite; IndicoUte; Cordierite; Peleom; 
Steinheilite). 

The property of dichroism was first observed in this 
mineral ; and as it was then thought to be peculiar to it, 
it obtained the name dichroite. It is rarely crystallized 
in six and twelve sided prisms ; generally disseminated in 
small masses of irregular form, which are of a deep violet- 
blue colour, when viewed parallel to the axis of crystalli- 
zation; but, in a contrary direction, they appear yellowish 
or smoke grey. In its fracture and lustre, it perfectly 
resembles glass, but is rather harder than quartz. Differs 
from all the preceding species in containing 10 per cent of 
magnesia. 
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When sufficiently transparent and of a good colour^ it 
is sometimes nsed in jewellery^ under the name of water 
sapphire. Found principally at Bodenmais in Bavaria; 
also in Sweden. 

Silicates of alumina with an alkali or alkaline earth. 

13. Felspar (Felspath; Adularia; Orthose*). 

This is a mineral of considerable importance, from its 
extensive distribution, and the variety it displays in its 
colour, crystallization, and modes of occurrence. As a 
constituent of granite it has a perfectly crystalline struc- 
ture : as the base of porphyries it is compact, of a closfe, 
feven, texture. In granite, the crystals of felspar form 
groupes in cavities or veins, often with other crytallized 
substances : in porphyry the crystals are embedded sepa* 
rately, as in a paste. No. 33. No. 34. 

The crystals are derived from a 
synmietrical oblique rhombic prism, 
obtuse angle 119®, and yield to 
cleavage with facility, parallel to its 
bases and to a plane passing through 
flie shorter diagonal, which is perpendicular to them, No. 
83. It is important to remember this circumstance, because 
the right-angled cleavage distinguishes felspar from albite, 
which otherwise resembles it in most particulars, and was 
long considered to be the same substance. 

The macled crystals of felspar, which are of frequent 
occurrence, do not oflfer the re-entering angles which we 
find in the hemitropes of most substances; this is a con- 
sequence of the right-angled cleavage, the plane of junction 
being that which passes through the diagonals. Its most 
common colours are yellowish and greyish-white, and 
various shades of flesh-red and brick-red : lustre of the 
/fracture, bright and vitreous: crystals externally from 
shining to duU. Specific gravity 2*39 to 2*6. Hardness 6- 
In this character it is very constant. Insoluble in acids 

• From Orthos, gr., right or •* 
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and scarcely fusible by the blowpipe, except on the edges ; 
but with borax it forms a colourless glass. In the trans- 
parent colourless varieties, called adularia, a bluish opa- 
lescent light is often visible, and small pieces cut and 
polished, are sold under the name of moonstone. Fine 
specimens of this kind are brought from Mount St. 60- 
thard ; and very perfect opaque crystals from Baveno in 
Piedmont, and Chudleigh in Devonshire. Composed of 
silica 64-20, alumina 18*40, potash 16'95. Compact fel- 
spar, in some of the antique porphyry, is of a green coloor; 
iA other varieties of a dark garnet-red. , 

Large quantities are used in the manufacture of porce- 
lain, as well as of the decomposed felspar (kaolin). 

14. Albitb* (Cleavelandite; soda felspar) diifers from 
felspar in containing 10 to 12 per cent, of soda, in place 
of the potash which is a constituent of the former; and in 
its crystallizations, which belong to the sixth series of 
solids ; the three cleavages all meeting at oblique angles. 
Yet the general appearance of albite and felspar is so 
similar, that it is often difficult to distinguish them; 
their hardness is equal, and their chemical characters 
the same, except that albite gives a yellow tinge to the 
blowpipe flame. It forms the basis of granite in several 
countries, particularly in North America, and is charac- 
terised by its almost constant whiteness : the crystals also 
are generally more tabular, and when macled, have re- 
entering angles. The bright transparent crystals gene- 
rally called glassy felspar, which are embedded in some 
porphyritic rocks and lavas, belong to this species. 

Anorthite, which occurs crystallized' in some lavas, is 
nearly allied to albite, but contains lime instead of soda; 
in which it resembles indianite, a mineral of a crystalline 
granular structure from the Camatic. 

14. Labeadorite, a kind of felspar that contains both 
lime and 4 per cent, of soda, is characterised by the bril- 

• AUnu, "whit* 
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liant colours it reflects in certain positions^ particularly 
shades of green and blue : independently of these, its 
general colour is dark grey. It is rather less infusible 
than felspar and albite^ and may be dissolved in hydro- 
chloric (muriatic) acid. 

In Labrador it is found in large masses, and is said to 
abound in the state of New York. 

15. Andalusite (Felspath Apyre; Macle; Chiastolite). 
A very hard mineral, which, at first sight, appears to 

resemble some felspars : but it crystallizes in prisms which 
are very nearly square. It is generally of a pearly grey, 
but sometimes of a rose colour j faintly translucent, and 
breaking with a fine-grained fracture, but scarcely any 
lustre. In hardness, intermediate between quartz and 
topaz : specific gravity 3*1 to 3*3: in these two characters, 
and in its crystallization,] it diflfers from felspar. It was 
first brought from Andalusia, but has since been found in 
several other places ; the crystals are sometimes enveloped 
in scales of mica. 

The variety named chiastolite presents a singular struc- 
ture: the crystals, which are nearly No. 35. 
white, and opaque, appear to include 
in the centre and at the angles, 
similar prisms of a dark substance, 
which is considered to be the same in 
which they are embedded. Small crystals of this kind are 
disseminated in the slate of Skiddaw. 

16. Nefheline (Sommite; Icespar). 

A white or yellowish-white semi-transparent mineral 
which abounds in the Vesuvian lavas, intermixed with 
idocrase, mica, and other substances. Crystallizes in 
hexagonal prisms, which are often tabular. Rather less 
hard than felspar. 

Elaolite^ (fatstone) a greyish or bluish-green minera' 

Elacon, gTt oiL 
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witt an oily lustre, whicli is embedded in the syenite of 
Norway, appears to be tbe same substance. 

Gieseckite and Ptnite of Auvergne, which also crystallize 
in 6 and 12-sided prisms, belong to the same group : the 
latter contain potash, the two former, soda. 

17. Spodumen (Triphane; ELillinite). 

This mineral, as well as the following one, contains the 
alkali lithia^ which is detected by exposing them with soda 
to the action of the blowpipe, on a support of platinum 
foil : the flame will be tinged red, and a brown stain will 
remain on the platinum. 

Its colour is green, or greenish-grey; lustre, pearly or 
oily; cleavable parallel to the planes of a rhombic prism 
of 100® and 80°; specific gravity 3*19 ; in hardness, inter- 
mediate between felspar and quartz. It is abundantly 
disseminated in the granitic rocks of Sudermania- It 
differs from felspar and scapolite in chemical characters, 
specific gravity, and angles of cleavage. 

18. Petalite (BerzeUte; Arfwedsonite) contains more 
silica and less alumina than the preceding species. When 
gently heated it becomes phosphorescent ; and may with 
some diflSculty be fiised : colour white X)r very pale grey. 

19. Obsidian (Volcanic glass; Marekanite). 

This is a black glassy substance, breaking with a large 
perfect conchoidal fracture; opaque or slightly trans- 
lucent on the .edges of fragments. On being exposed to 
the action of the blowpipe, it swells and froths consider- 
ably, and is reduced finally to a white enamel. The com- 
position of this species varies : some specimens afford soda, 
and others potash: they contain 72 to 78 per cent, of sihca. 

In Mexico, where it is abundant, and was formerly 
used for knives and mirrors, a variety is found which re- 
flects a chatoyant light of a dark bronze colour. Obsidian 
is sometimes met with, also, among the ejected matters of 
modem volcanos. Its chemical properties and the total 
absence of crystallization distinguish it from smoky quartz. 
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Pitchstone (Betmite) is less vitreous tlian obsidian^ and 
the conclioidal fracture less bright and perfect : the lustre 
is resinous or resembling tfiat of pitch. It presents many 
colours^ principally deep duU greens, brownish red and 
ochre yellow of different shades : sometimes small brigbt 
specks of crystalline felspar are scattered through it. 
The red and yellow varieties have a great resemblance to 
semi-opal (ferruginous opal), but may be distinguished 
from it by not affording water when heated, and by 
frothing and melting in much the same manner as ob- 
sidian. Abundant in some parts of Saxony, Hungary, 
and the Isle of Arran, besides other localities. 

Pearbtone (Perlite) differs little in its composition from 
pitchstone ; it consists of rounded angular grains, closely 
pressed together, generally of a light grey colour and 
rather pearly. In spAerulite the grains are globular, and 
are sometimes embedded in obsidian. 

Pumice (Ponce) is another substance belonging to this 
group, which is more abundant among the productions 
of recent volcanos, as the two former are among those of 
extinct or ancient ones. It appears to be the scum or 
froth of lava, suddenly cooled by ejection, so as to pre- 
serve its spongy form ; and is so porous aft to float on 
water. Sometimes, the pores being elongated, it has a 
fibrous structure. In composition it approaches very 
nearly to felspar. Being hard and easily reduced to pow- 
der, it is much employed for polishing marble, glass, 
metal, wood, and other materials. 

20. Leucitb (Amphigene; White garnet). 

This mineral is common both in ancient and modem 
lava, in which it is scattered in trapezohedral crystals of a 
dirty- white colour, usually opaque or translucent, and with 
a dull surface : internally vitreous : scarcely so hard a* 
felspar. It contains 22 per cent of potash, but is infusible 

21. Pagodite (Agalmatolite j Figurestone). 

A great part of the images and -^^-^ --^rvings tha 
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come finom Climax are executed in lids stones wbich is so 
soft and unctuous that it resembles, in texture, a craapact 
talc or steatite. It is opaque, generally reddish <Mr groy- 
ish-white, sometimes veined with a deq^ tint, with a 
feebly-oily lustre. When heated, it becomes hard^, 
shining, and scaly, but is infusible. Consists of silica 64, 
alumina 34, potash 6*2, water 4. 
22. Chlobiti. 

A dark or blackish-green mineral, widdy distributed 
in rocks of the ancient formations, where it forms veins 
and small beds : in the latter case it has a slaty stntctore 
and is tolerably compact; in the former, it is eartiiy and 
granular, or composed of minute scales. It is very com- 
mon in the tin veins of Cornwall, and in similar deposits 
of ore in other countries. It is often found coating the 
crystals of quartz, adularia, &c., or in the interior of these 
substances, resembling moss. Sometimes, but rarely, 
crystallized in hexagonal plates. 

Its composition varies very much : but it consists prin- 
cipally of silica, alumina, protoxyde of inm and water, 
sometimes with magnesia, sometimes with potash. 
23. Green earth. 

The minerals thus designated have generally a much 
brighter colour than chlorite, and never exhibit any trace 
of crystallization. They all contain water and protoxyde 
of iron; but the quantity of alumina varies so much, 
that very different substances appear to be included 
under the same name. 

Terra verte^ which is much employed as a pigment, 
occurs in cavities in amygdaloidal rocks : sometimes, as 
in the neighbourhood of Verona, in considerable masses; 
sometimes it only lines the cavities, the interior being 
filled by zeolitic or other minerals. 
Zeolites. 

Th^ following species, from Natrolite to Prehnite, include 
those substances which are usuallv termed zeoUies ; and 
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wliich, firom & resemblance in sereral of their characters, 
have been geaerally placed in the same family or genus. 
They consist principally of silica, alumina, water, and 
either some alkali, or an alkaline earth. They all afford 
water on being heated; most of them dissolve in acids 
and form a gelatine ; and the greater pari, when heated 
by the blowpipe, froth and boil violently. 

24. Natboutb"! (Mesotype ; Kadiated Zeolite ; Needle 

25. Skolesite _f Zeolite). 

These two species resemble each other so nearly, that 
they were long confounded together under the name of 
mesotype. The crystals of both, are acicular or needle 
shaped, and usually grouped in divei^nt tufts : those of 
skolesite are square prisma, ^ ^ 

those of natrolite, rhombic ; 
but the difference of their 
angles is so small, as to be 
imperceptible to the nnas- 
siated eye. They are colour- 
less and transparent, and 
when perfect, are terminated 
by four or six planes ; but 
both substances occur in 

■mall masses, having a radiated structure and a beautifid 
pearly lustre. 

Natrolite forms also botryoidal masses composed of 
delicate fibres, radiating from several centres: this variety 
is sometiineB red, or of a fine orai^ colour. Both 
species gelatinise when dissolved in atnds : natrolite con- 
tains soda*; skolesite, lime: the latter may be distin- 
guished by its twisting and curling like a wormt before 
.the blowpipe. 

T^emsofUte is very similar to the preceding species, but 
its prisms are rectangular, and in general it is less tram 
parent: sometimes massive. 

• Formerly Kalroii, wheoee llw ii*™. t SbAx. gi., • worn. 
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26. Stilbite* (Foliated Zeolite). 

This is a very beautiful substance^ and oflfers consider- 
able variety in its appearance; but is always characterised 
by a brilliant pearly lustre. The crystals, No. 37. 
which are often hexagonal and very thin, 
are modified rectangular prisms: sometimes 
it is massive, or appears in large rhombic 
prisms, but always exhibits one distinct 
cleavage: in this it resembles selenite (which 
will be described hereafter), but is very 
much harder, about 4. 

Stilbite exfoliates before the blowpipe, and afterwards 
boils and fuses into a glassy substance. 

27. Heulandite, when massive, is very much like stil- 
bite, but usually of a red colour: its crystals are modified 
rhombic prisms, and are not generally so thin as those of 
stilbite. 

Brewsterite, like the preceding, but generally colourless, 
and contains a little soda. 

28. Habmotome (Cross-stone; White hyacinth) 
DiflFers in composition from the other zeo- No. 38. 

lites, in containing 17 or 18 per cent, of the 
earth baryta ; and its crystals, which are mo- 
dified rectangular prisms, often occur in 
groups, so arranged as to form a cross. The 
crystals are always white, and generally 
translucent. Specific gravity 2*3 or 2*4, 
which is a little higher than that of the preceding mine- 
rals. When heated, it becomes phosphorescent, and fuses 
without ebullition. 

PhillipsUe (Abrazite; Gismondine,) which occurs in 
crystallizations precisely similar, in some Yesuvian lavas, 
differs from harmotone m containing lime in place of baryta. 

29. Laumonite. 

This is a rare substance which has been found in the 

* StUbS, gr^ splendour. 
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lead mines of Huelgoet in Brittany. It has been called 
efflorescent zeolite from the alteration it undergoes when 
exposed to the air ; becoming opaque, and, in a short time, 
fidling to pieces. In order to prevent this* change, the 
specimens should, as soon as possible, be dipped into a 
solution of Jgum-arabic, and perfectly dried. It is white, 
cleavable into oblique rhombic prisms, but very fragile. 

30. Analcime (Cubicite; Sarcolite). 

Crystallized in trapezohedrons, or cubes which are mo- 
dified on the angles (PI. figs. 17, 18). The crystals vary 
firom the size of a pities head to two or three inches in 
diameter : small ones are brilliant and transparent ; large 
ones often opaque and reddish. When viewed in polarized 
light, the trapezohedral crystals exhibit a singular arrang- 
ment of lines of prismatic colours. It is easily fused, a 
circumstance which will distinguish it from leudte. 

31. Chabasite (Chabasie) occurs crystallized in rhombo- 
hedrons that are slightly obtuse, sometimes modified on 
the terminal edges ; y transparent, colourless, and generally 
brilliant. 

Like Cubasite it is never massive nor fibrous. • 

32. Prehnite (Koupholite). 

Crystallized prehnite is of rare occurrence. It is some- 
times found in thin rhombic or hexagonal plates; but 
more often massive, imperfectly crystallized on the exte- 
rior; or in small lens-shaped masses heaped together: 
compact, and sometimes fibrous : the fracture has scarcely 
any lustre. Its most usual colour is sea-green. Hard- 
ness, Uttle inferior to that of quartz, and specific gravity 
2*8 to 8* ; in both these characters it exceeds considerably 
the other zeolites. In China it is cut into slabs for orna- 
ment, and carved into images which are brought to 
Europe under the name of Oriental Jade, 

The basalt rocks, and others of an igneous origin whic^ 
are called amydaloidal, are the principal repositories 
all this group of species. The cavities of these rocks a 
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sometimes entirely filled by zeoUtic substances; others con- 
tain radiations or groups of crystals, together with crystals 
of calcspar, but rarely those of quartz. The Ferroe Isles 
and Staffa, in particular, afford fine specimens ; but har- 
motome and prehnite occur also in other situations. 

Silicates of alumina with fluorine. 

There are a few siliceous minerals in which fluorine is 
combined : the most important are Topaz and Mica. 

83. Topaz. 

This is a well known precious stone, which, for orna- 
mental purposes is obtained chiefly from Brazil. It occurs 
there, of various shades of yellow and red, also colourless, 
and pale blue and green. It is always crystallized, or in 
rounded pebbles. The crystals are derived from a right 
rhombic prism, and are generally weU formed. In differ- 
ent localities, they generally present different modifica- 
tions which are peculiar to them : thus, in Siberia, the 
crystals are usually characterised by two terminal faces, 
larger than the others No. 39 ; the 
Saxon topazes have a plane parallel 
to the base No. 40, and those from 
Brazil are mostly terminated by a 
four-sided pyramid. The sides of 
the prism are often streaked length- 
wise, like those of the beryl; but the 
topaz may be distinguished by its 
greater hardness = 8, and by its very perfect and brilliant 
cleavage parallel to the base : it is also heavier, — specific 
gravity 8*49 to 3*54, and much colder to the touch. It 
contains 7 or 8 per cent of fluoric acid. The topaz is 
generally met with in the cavities and veins of granite 
rocks. Splendid groups of crystals are obtained from 
Siberia, intermixed with crystals of aquartz, and sometimes 
of beryl. In Saxony, Bohemia, and Cornwall, crystalliiEed 
topazes are found in the metalliferous veins, particularly 
those which afford tin ore^ intermixed with flucnr. 
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The ancients were well acquainted with this gem. It 
is said that they first found it in an island of the 
Red Sea; and as it was often concealed by fogs and 
difficult to find, they gave' it the name topazion, from 
topazOy to seek. 

Some of the yeUow Brazilian topazes, when heated with 
proper care, acquire a beautiful rose colour; but they are 
said to lose this tint after some length of time. Of its 
natural colours, the ruby tint is the most rare. 

Pyrophysalite is an opaque variety of topaz with a 
coarse texture, which, like the opaque beryl, occurs in 
crystals of immense size. One, taken from a granite 
quarry at Finbq, in Sweden, which is preserved at Stock- 
holm, weighs 80 pounds. 

Pycnite differs but a little from topaz in the proportion 
of its constituents: it is* of a pale straw colour mixed with 
hlac, and forms columnar masses embedded in quartz, at 
Altenberg, in Saxony. 

34. Mica* (erroneously Muscovy talc; Muscovy glass). 

Mica is a widely distributed mineral; being, like quartz 
and felspar, a constituent of granite and mica schist, be- 
sides its frequent occurrence in other situations. In these 
rocks we usually see it dispersed in little silvery scales, 
sometimes very minute; but in the granite of Siberia, and 
some parts of the United States, transparent plates of 
mica are obtained from two to three feet in diameter. 
These plates, if perfect, are either rhombic or hexagonal; 
and the remarkably perfect cleavage that all varieties of 
mica possess, is parallel to the base of the crystals.f 

Its most common colours are light grey, brown, and 

* Micare, to shine or glitter. 

t Optical investigations show that there are at least three species of mica : 
the hexagonal plates of some micas are primary crystals ; this kind has heen 
distinguished as hexagonal mica. In other specimens, the hexagonal prism 
•re derived from a rhombic one ; the two acute edges being replaced : and in 
third kind, the prisms are obUque, The composition of mica is also variab 
some specimens contain potash, some lithiaj and the quantity of fluoric a 
varies from 2 to 8 per cent 
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oliye green; but it is found occasionally blacky deep blood- 
red, and of a bright golden yellow. 

Mica, being very elastic and capable of being split into 
plates of any tliinnessy it has been much employed in 
place of glass for lanterns; in Siberia and the Russian navy 
for windows: and as it will bear considerable heat without 
injury or alteration, it is often used for the doors of stoves 
and furnaces: on exposure to a greater heat it becomes 
opaque and white. 

LepidolUe is of a lilac colour, massive, and consisting of 
small aggregated scales. 

Silicates containing boracic acid. 

35. Tourmaline (Schorl; Rubellite). 

The crystals of tourmaline are generally prismatic with 
6, 9 or 12 sides; often somewhat triangular, but rounded 
and deeply grooved, laterally: perfect terminations are 
rare, and when they occur, the two ends are differently 
modified. The primary form is a very obtuse rhombohe- 

No. 41. No. 42. 





dron. It is of various colours: the blick variety [scJiorl), 
is perfectly opaque: blue, green, and brown shades are 
more or less transparent: the rose coloured has been called 
rubeUite. In Massachusetts an interesting variety occurs, 
of a dark green externally, and the interior of a bright 
.rose colour. Acicular crystals, both black and brown 
are sometimes found in radiated tufbs, occasionally pene- 
trating other substances. 

The tourmaline is distinguished from all substances 
which, in other respects, it resembles, by the facility with 
which it becomes electric when heated^ exhibiting polarity 
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mi by its remarkable efiTects on light. A crystal, which 
appears perfectly transparent on looking through it across 
the prism, when held between the eye and the light and 
viewed in the direction of the aans, will allow but a small 
quantity of light to pass through it, and in many cases, 
will be found opaque. 

Very fine crystals of black tourmaline have been ob- 
tained near Chudleigh; they are some inches in length, 
with brilliant faces. It is very widely distributed; being 
found in Brazil (of various colours), Ceylon, Siberia 
(rabellite), the Alps (bright green). North America, &c. 
The quantity of boracic acid is variable. 

36. AxiNiTE* (Violet schorl; Thumerstein). 

The peculiar acute-edged form of its bright glassy 
crystals distinguishes this mineral from most others. It 
is of a pale clove-brown inclining to No. 43. 

purple, and transparent, unless when 
intermixed with chlorite, which often 
penetrates or coats the crystals, ren- 
dering them green and opaque. Hard- 
ness, barely equal to thai; of quartz. It 
is fdsible without much difficulty into a dark green gl^ss, 
which, in the oxydating flame, becomes black. The finest 
^dmens are brought from St. Cristophe, in Dauphin^. 

Silicates containing sulphur or sulphuric acid. 

37. Lapis lazuli* (Lazulite). 

From this mineral the ultramarine blue is prepared. 
It has generally a fine granular texture, and occurs inter- . 
mixed with granular limestone and pyrites, filling small 
veins and cavities in granitic rocks, in Persia, Thibet, and 
Bucharia. It is sometimes, but very rarely, crystallized 
in rhombic dodecahedrons : feebly translucent, and hav- 
ing scarcely any lustre; hardness 5*5; specific gravity 
2-5 to 2-9. Soluble in acids, losing at the same time, its 
colour^ which it is conjectured may be due to some com 

* From the axe shaped ciystal*- 
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bination of sulphur with the base of alumina : it loses its 
colour also by fusion; contains 23 per cent of soda. 

Haiiyine, A blue mineral which is found embedded in 
some ancient lavas near the Khine^ and appears tQ hare 
some analogy with the preceding species. 



Hitherto we have described siliceous minerals of which 
alumina forms an important constituent: we shall now 
speak of those in which silica is united with other bases. 

The earth zirconia is found in the state of sUicate^ and 
combined^ in a few rare minerals, with other substances. 

38. Zircon (Zirconite; Hyacinth; Jargoon). 

The crystals of this substance are derived from a square 
prism, and are terminated usually by pyramids, which 
correspond sometimes with the faces of the prism, some- 
times with the edges (PL fig. 20, 22, 23,). Its specific 
gravity is 4'4, considerably higher than that of most 
earthy minerals : hardness, between that of quartz and 
topaz ; lustre, oUy, approaching to adamantine. The colour 
of zircon varies through shades of brownish-red and garnet- 
red, to pale yellow, grey and white in the transparent 
varieties: these are brought chiefly from Ceylon and 
Pegu, and are used in jewellery under the names of 
hyacinth and jargoon, but are not fnuch valued. They 
are generally small, and are found in the sand of rivers, 
and more or less rounded. In this manner they occur at 
Expailly, near the Puy de Dome, in France. The crystals 
^nbedded in the syenite of Norway are much larger, 
sometimes above an inch in length: they are generally 
dark red-brown, but not transparent. 

Zircon, when heated by the blowpipe, loses its colour, but 
is infusible alone, and even with soda is Aised with dijficulty. 
This character and its high specific gravity will distinguish 
it from the garnet, grenatite, r ^ '^ minerals. 
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Eudyalitey a rare mineral from Greenland, contains 
zirconia, with silica and soda j its colour is reddish-lilac. 

39. Thorite is a hydrous silicate of thorina, which has 
been found only in the Isle of Loeeven, on the coast of 
Norway : it is black, vitreous, and hard enough to scratch 
glass. 

40. Gadolinite is a silicate of yttria, an earth which 
was first discovered in this mineral, and named from its 
locality, Ytterby, near Fahlun, in Sweden. It is black 
or brownish-black, vitreous, and fiisible into an opaque 
glass. 

The minerals containing cerium are few and rare, they 
are found in granite rocks in Sweden and Greenland. 

41. Cerite (Cererite) is of a violet or rose colour, 
much intermixed with grey or brown. It is compact, or 
fine granular, and opaque. Specific gravity 4*93 ; infdsible 
alone. It contains 67 per cent of cerium, and 12 of 
water, with 18 of silica, and 4 of lime and oxyde of 
iron. 

Cerine contains a large proportion of iron, but no 
water. 

Allanite and orthite have nearly the same composition ; 
they are brownish-black, and are embedded in small 
acicular or columnar masses, sometimes many inches in 
length. Pyrorthite contains carbonaceous matter, which 
causes it to bum whdii heated by the blowpipe. 

Calcareous Silicates. 

42. WoLLASTONiTE (Tablcspar). 

43. Edelforsite. 

Are nearly pure silicates of lime, white or yellowish 
and translucent: the former (which contains less silica 
than the latter) has some resemblance to felspar; but may 
be distinguished by its inferior hardness, and by having 
no right-angled cleavage. It is found in several localities 
intermixed with garnets, tremolite, copper-pyrites, am 
sometimes other substances. 
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44. Apophtllitb (Fisheye-stone). 
The white, pearly crystals of this mineral might, at first 

sight, be mistaken for those of zeolite, but they are 
square prisms, either perfect or haying the angles replaced 
by triangular planes, which are sometimes increased so as 
to produce a pyramid. It is also rather harder than the 
zeolites, though scratched by felspar: firoths before the 
blowpipe, and gelatinizes in acid. It is a silicate of lime 
and potash, with water, and occurs both in the same 
situations as stilbite, &c., and in the neighbourhood of 
the great deposits of magnetic iron in Sweden and Nor- 
way. 

Magnesian Silicates. 
These, when not combined with lime, are characterised 
by great infiisibility, are very difficultly soluble in acids, 
and many of them are very soft and unctuous. 

45. Chrysolite (Peridot; Olivine). 
A gem of a yellowish-green colour, sometimes passing 

to a pale yellow-brown, which is disseminated in some ^ 
basaltic rocks in small transparent grains, and more 
rarely, in crystals, which are modified rectangular prisms. 
It breaks with a vitreous fi-acture, is scarcely so hard as 
quartz, and infiisible without the addition of a fiux : these 
two characters distinguish it from the beryl and chryso- 
beryl. It is a silicate of magnesia andiron. The vitreous 
grains observed in basalt, were named olivine, from their 
colour, before it was known that they were the same sub- 
stance as chrysolite; in some of these formations, it 
occurs in granular masses of considerable size, as at 
Vivarais, and the banks of the Rhine. But the most 
remarkable situation in which chrysolite has been found, ^ 
is in the cavities of the celebrated mass of meteoric iron 
in Siberia, and it is now ascertained that it forms a large 
proportion of some other masses which are derived from 
the same source. 

The finest chrysolites are brought from Constantinople, 
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cat and polished^ and it is not known in Europe^ whence 
they are originally obtained. 

46. Chondbodite (Brucite). 

A silicate of magnesia, containing fluoric acid, winch is 
found in translucent grains of a yellowish or brownish 
colour, at Pargas (Fioland), and New Jersey, United 
States, embedded in limestone. 

47. Talc 

Generally occurs in, foliated masses, white, or of some 
shade of green, having a very pearly lustre. The folia 
have no regular form, but are often divergent or stellated. 
Tale, though flexible, is not elastic, which is a distinction 
between it and mica; the laminae are also much more 
tender than those of mica, being easily scratched by the 
nail (No. 1, in the scale of hardness), and it is soft and 
unctuous to the touch. Talc is a silicate of magnesia, 
combined sometimes with hydrate of magnesia in variable 
quantity. 

The finest specimens are obtained from the Alps of 
Savoy and Piedmont. It is said also to have been found 
in the United States of a rose colour, and blue. 

French chalk is a variety of talc in which the foUa are 
so small that it has a somewhat granular texture and a 
Simmering lustre. 

Steatite or soapstone has the same composition ; it has a 
more compact and earthy appearance than French chalk. 
Mid a very soapy or unctuous feel. It forms veins in 
serpentine, and is quarried and applied to many purposes; 
as, in mixing with clay, &c., for the manufacture of por- 
celain, of which it increases the transparency, and, in 
powder, for diminishing the friction of machinery. Pen- 
cils also are made of it, instead of slate j and it is very 
efficaceous in removing spots of grease from silk and cloth. 
In Prance it is called Craie de Briangon. 

Potstone (Pierre oUaire), is of a dark grey or greyish- 
green; has a somewhat slaty structure, and is opaque. 
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It 18 very infiisibte, and indeed appears quite unalterable 
by heat ; a quality which, combined with its softness when 
first taken from the quarry, and its hardening by expo- 
sure to the air, renders it an excellent material for many 
objects of domestic use, such as ovens, stoves, pots, &c. 
They are esteemed not only for their iudestructibility, 
but because they can never give any bad taste or quality 
to the food. It is quarried at several places in Piedmont; 
particularly, near Chiavenna aud the Lake of Como ; also 
in the Valais : it is extensively manufactured in the Val 
Sesia, not far from Mount Bosa; and at Zoebhtz in 
Saxony, The pieces of a fine even texture, are turned by 
the lathe, into teapots, basins, &c. If a vessel of potstone, 
i f or some time, has absorbed much grease, 
nake it red hot, a process which renders it 
■, and without injury. 

of this stone, and descrihes its application 
urposes as at present: but calls it Lajni 
use at that time it was obtained from the 
<s, now Siphanto. At the convent of the 
ard there is a stove of potstone. 
CINE (Ophite). 

lubstance, very tough, breaking with an 
■e and waxy lustre, or didl and earthy, 
dark green colour intermixed with black, 
with red and brown : opaque, except the 
MOtw aerpentine, which, when cut into thin 
transparent: it is of a rich warm green 
m contains embedded garnets: this sort is 
ith in Austria. 

liffers very much in hardness, but all spe- 
ttly scratched by a knife, and many, by 
frithstanding this, it is much employed in 
ental purposes ; particularly those varieties, 
he verde anttquet the dark ctdours are re- 
I and veins of white calcspar. Handsome 
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serpentine is quarried at Anglesea^ and used under the 
name of Mona marble. 

Marmolite is a foliated serpentine, containing less silica 
than the preceding; both species give oflF water when 
heated. 

49. Meerschaum (Magnesite; Ecume de Mer) 

Is an earthy opaque substance resembling white clay, 
hut dry and harsh to the touch; partially soluble in acids 
and affording much water by calcination. 

It is weU known as a material of which pipes are made; 
it is extensively quarried for that purpose in Asia Minor, 
particularly at the foot of Mount Olympus, and in the 
Island of Negropont. In some places it is used instead 
of soap for washing linen, and is said to form a good 
lather when mixed with water. 

The adhesive slate (schiste happante) in which menilite 
is embedded, is a mixture of meerschaum with argillace- 
ous matter. 

50. Diallage. 

This mineral, which has not been found crystallized, is 
embedded in serpentine, and, occasionally, other rocks, 
in fragments which are cleavable ; there are several varie- 
ties, which are composed chiefly of silica, magnesia, and 
the protoxyde of iron, with only a trace of lime. 

Bronzite is of a greyish-brown colour, translucent and, 
as its name implies, with submetallic lustre ; specific gra- 
vity 3'25. It is found in France, department of the 
Higher Alps. 

Hypersthene^ (Labrador Hornblende) ; of a dark brown 
colour, reflecting a coppery lustre. The laminae are some- 
times so much bent, that it has the appearance of a 
woody structure. Specific gravity 3'3: this mineral is 
much harder than the preceding : its principal locality is 
Labrador. 

ArUhophyllite has generally a fibrous structure, and a pale 

♦ ffuper, above, and sthenoSf strength, from its remarkable toughness. 
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hair-brown colour; lustre^ diglitty metallic : distinguished 
from bronzite by its brittleness. 

51. ScHiLLEKSPAR (Diallagc eupbotide)^ 

Like the preceding species^ it occurs with a lamellar « 
structure^ but no external crystallization; embedded in 
serpentine^ or in rocks containing albite. Its colour is 
dark olive or greyish-green ; hardness about 4. It differs 
in composition from diallage in containing 10 or 12 per 
cent, of water : when exposed to the action of the blow- 
pipe^ it becomes magnetic^ but is scarcely fusible on the 
edges. 

Smaragditeff contains 7 per cent, of the oxyde of 
chrome, which gives it a fine clear green colour. It has a 
laminated structure, is very translucent and brittie: fusible 
into a blackish glass. 

The rocks consisting of smaragdite intermixed with 
albite, are cut into slabs, and when polished are very 
beautiful. In Corsica it is abundant, and is known by the 
name of verde di Corsica duro : it is found also in rolled « 
masses on the borders of the Lake of Geneva 

52. Nephrite (Axestone: Jade). 
A compact substance, generally of a green colour, but 

sometimes grey, or reddish. It breaks with an uneven, 
but fine-grained fracture, and has a feeble oily lustre. 
Laminae of silvery talc are sometimes dispersed through 
it. Hardness variable, sometimes above that of quarts, 
and exceedingly tenacious. Specific gravity about 3. 

Some of the finest specimens of dark green nephrite are 
the war hatchets of the New Zealanders. This variety 
appears to be the same which is found near the banks of 
the Oronooko, but the precise locality is unknown* It is 
cut into ornaments which are worn as amulets by the 
Indians, and even by the Spaniards of that country. It 
is sometimes called Amazon-stone. 

Silicates of lime with magnesia, &c. 

t Smaragdutf the emerald, from its colour. 
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53. AuGiTB (Pyroxene). 

This species may be distinguished into two kinds': the 
white augite, consisting essentially of the bisilicates of 
Kme and magnesia ; the black and dark green, in which 
these bases are partly replaced by the protoxyde of iron, 
which is isomorphous with them : the pale varieties con- 
tain very little iron. The crystals of all kinds are derived 
from an oblique rhombic prism; obtuse angle, 92° 55'. 
Specific gravity from 3*1 to 3*34; hardness 5 to 6. 

Diopside, malacolite, alalite, mussitey^ are denominations 
of white and greenish-white augite. The crystals are 
often semi-transparent, with bright glassy ^^ ^^ 
faces. Fusible by the blowpipe into a co- 
lourless, or nearly colourless, glass. The 
best specimens of this kind are obtained 
from some parts of Piedmont and the Tyrol, 
where they form groups with bright red k^ 
garnets and mica. 

Fassaitei*, or pyrgomme, is of a clear dark green colour, 
usually in small distinct crystals, sometimes embedded in 
calcspar. 

Sahlite is massive, generally of a light greyish-green, 
translucent and cleavable, affording good surfaces. 

Coccolitef is granular augite, the grains aie usually 
compressed together, and not dispersed in another sub- 
stance. The two latter varieties occur at Sahla, in 
Sweden, with pearly calcspar and sometimes with scapo- 
Kte, but they never have the yeUow-green colour of epi- 
dote. 

Hedenbergitey black atigitey basaltic augite, is rarely 

massive: the crystals are often macledj colour blackish- 
green, black or brown: streak and powder greenish or 
brownish black. Fusible by the blowpipe into a black or 
dark green glass. 

* Named from the vallics of Ala and MoBsa in Piedmont, and Faasa in T 
f Coccos, a grain. 
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The crystals of this augite are abundant No. 45. 
in some kinds of lava, and especially in the 
ancient lavas of Auvei^e. It is an abundant 
as well as a widely distributed mineral^ being 
a component of some kinds of basalt {dolerile); 
it is there intimately mixed with albite^ or 
with labradorite, and gives the dark colour peculiar to 
that rock. 

55. Hornblende (Amphibole). 

This species is subdivided^ in the same manner as 
angite : the white varieties consist of silicates of lime and 
magnesia^ with scarcely a trace of iron; the dark ones can- 
tain a large proportion of the latter base : but both the 
light and dark-coloured hornblende contain less lime than 
augites of the same colour. The crystals are derived from 
an oblique rhombic prism; obtuse angle, 126° to 127°. 
The black or blackish-green variety, commonly called 
homblendey is by far the most abundant. Its crystals are 
generally short and thick, and have some resemblance to ' 
those of the black augite. They are found principally in 
basalt and other similar rocks ; but the angle of the prism 
(and of cleavage) is much more obtuse in hornblende. 
It is often massive, and embedded in felspar and albite: 
intermixed with the former, it constitutes the rock called 
greemtoTie; with the latter, a very similar one' called 
diorite : in both these we find the fragments of hornblende 
with a crystalline structure, of all sizes, from several 
inches in length to particles so small as to be undistin- 
guishable to the naked eye. It is sometimes fibrous, 
having the appearance of black tourmaline; but that mine- 
ral breaks with a perfectly vitreous fracture, and horn- 
blende with distinct cleavage: it is particularly tough also, 
and diflScult to break. 

Actinolite* (actinote) is of various shades of green, and 
crystallizes in brilliant slender prisms, with four, six, or 

♦ Actin, a rav of the mux. 
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eight sides ; often aeicular and radiated; and penetrating 
quartz and other substances ; sometimes in masses of deli- 
cate glassy fibres, which are very brittle. 

Pargasite is the same substance, but generally in small 
separate crystals embedded in limestone, at Fargas, in 
Fbland. 

Tremolitey or grammatite, occurs in white or greyish 
crystals, of which the faces are bright and glassy ; or it 
forms fibrous and radiated masses, sometimes with a pale 
green or lilac tint, and generally translucent : these masses 
are embedded in the dolomite of St. Gothard, the crystal- 
line limestone of Sweden, &c. The specific gravity of 
tremolite is 2*9 to 3: of black hornblende about 3*3, In 
hardness they are rather inferior to felspar. 
Asbest^y Amianthj Byssolite, 

This remarkable substance is a fibrous variety of horn- 
blende or tremolite, of so soft a texture that it can be 
spim and woven like flax : and from its incombustible na- 
ture, the cloth made of it may be cleansed when dirty, by 
burning it. The ancients are believed to have wrapped 
their dead in cloth made of asbestos, previously to placing 
them on the funeral pUe, in order to preserve their ashes 
distinct from those of the wood. They used it also for 
the wicks of their perpetual lamps: it is applied {o the 
same j)urpose by the Greenlanders of the present day. 
Charlemagne is said to have possessed a tablecloth woven 
of amianthus, which he used, after dinner, to throw on 
the fire to cleanse it, for the amusement of his guests. 
In some parts of the Pyrenees, girdles are made of the 
same substance, intermingled with silver threads, which 

* Asbestos, vLacoDSumed'-^aimantos, nndeflled. The singular properties of this 
minera], soft as flax, but perfectly incombustible, have given rise to some strange 
ideas as to its origin. Marco Polo, who visited the East in the 13th centniy, 
^leaking of the mountains of Tartary,' says, ** there is found there a substan^ 
of the nature of the Salamander, which being woven, is incombustible." 
Chinese appear to have imagined that th^ asbestos-cloth may have I 
msaxdactar^ *<of the l^ay o( certain rata that lived in the flames of cei 
TOloanoe," 
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are highly priied, not only for their beauty^ bnt as a acHrt 
ot charm. In Russia^ attempts have been made to nuam- 
facture paper firom amiamth^ bnt they were nnsoceessliiL 
The Kgmform or wood-Uke asbest, though it confflsto en- 
tirely of delicate fibres^ is so compact^ as to admit of 
being cut and polished: in this state it resembles petrified 
wood. The colours are generally brown^ inclining to 
green or grey. 

In Mountain leather the fibres are very fine^ and so 
interlaced as to produce a texture resembling kid leather. 
Mountain or rock cork is spongy and elastic; its no- 
merous cavities enable it to float like vegetable cork. All 
these substances form little veins in serpentine rocks, and 
sometimes in greenstone, ofte^ associated with talc, fine 
specimens of the wood asbestos come from Sterzing, in 
the Tyrol, The localities of amianth are numerous; at one 
time it was found so abundantly in Corsica, as to be used 
instead of tow for packing minerals. Asbest is sometimes 
inclosed in rock crystal, and gives it the appearance of 
cat*s-eye. 

It must be observed, however, that some specimens 
of asbest are found to be augite ; this is generally tbe case 
when they occur in rocks of which augite is a constituent, 
or where it is abundant : in hornblende and tremoJitic 
rocks, on the contrary, the asbest is usually of that 
species : but it is frequently impossible, without analysis; 
to know to which they should be referred. 
Ferruginous silicates with lime, &c. 
54. Yenite (Hvaite; Lievrite). 

A calcareous silicate of iron, which crystallizes in right 
rhombic prisms variously modified. Colour generally in- 
tense brown ; lustre approaching to metallic. It may be 
fased without difficulty into a black globule; and. in acids 
forms a jelly. Fine specimens, both crystallized and 
massive, are obtained iii the Isle of Elba, Rio la Marina, 
and it is found also in Norway and Siberia. There are 
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several other silicates of iron^ some of them containing 
water^ as Nontronite and Hisingerite — ^but they are unim- 
portant^ and generally rare and little known. 
Manganesian. 

55. Rhodonite (Manganese spar; Rose Manganese;) 
Is of a beautiful rose colour^ inclining sometimes to violet : 

mostiy compact or fine granular; and generally translu- 
cent. It is sufficiently hard and tenacious to strike sparks 
with steel. Specific gravity, 8'6 to 3'9. Heated by the 
blowpipe, it becomes of a dark brown colour, and when 
fused with borax forms a deep rose-coloured enamel. The 
finest specimens are brought from the mines near Ekate- 
rinenburg, in Siberia. Being susceptible of a good polish, it 
is sought for to cut into slabs for boxes, and for inlaying. 

Photizite and AUagite differ a little from this species 
in the proportions of their constituents: the former is 
yellow or yellowish grey ; the latter inclining to green or 
brown. 

Zinc. 

56. Electric Calamine, is silica combined with zinc, 
and a small quantity of water. It received this name from 
becoming electric when heated; it becomes at the same 
time phosphorescent. It is sometimes found in very small 
transparent crysitals, often radiated, sometimes with a 
fibrous structure; also in stalactitie forms, and with an 
earthy texture. It occurs with other ores of zinc, both in 
Great Britain and other countries, and is used for the pro- 
duction of both zinc and brass. 

Copper. 

57. Chbysocolle. This is a bright green substance, 
which does not crystallize, but often forms a coating on 
other ores of copper. It is translucent, somewhat vitre- 
ous in its appearance, and very brittle. By calcination it 
gives off water, and becomes black. 

Dioptase is another silicate of copper, of a fine emerak 
green colour; in transparent crystals, ey*^'«"»«^^ rare. 
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. DIAMOND. *J^ 

resembles the zeolites^ but in fusing^ it tinges the flame 
green. 

BotryolUe is nearly the same in composition^ but it does 
not crystallize. Both minerals are found at Arendahl in 
Norway. 



Family III. — Carbonides. 
I. Genus, Carbon. 

Carbon and its combinations afford several minerals 
that are interesting, either on account of their utility or 
their beauty; among the latter we find the 

1. Diamond. 

This gem, so highly valued, is carbon in a state of per- 
feet purity ; that element which enters so largely into the 
composition of all animal and vegetable matter. It is 
always found crystallized, and its forms belong to the 
cubic series : the most common are octahedrons with the 
edges replaced, and dodecahedrons ; and in most instances, 
the secondary faces, however bril- 
liant, sre convex. Notwithstand- Na 47. No. 48. 
ing its extreme hardness, far 
greater than that of any other 
known substance, the diamond 
yields readily to cleavage, parallel 
to the planes of the regular oc- 
tahedron. Its specific gravity is 

8-48 to 8'55. It is found of many colours, rose, yellow, 
blue, green, and brown; bright tints, however, except yel- 
low, are rare : though it is generally transparent, unless 
when very dark coloured ; rarely with a milky or opaline 
appearance. Its brilliancy is very great, in consequence 
of its uncommonly high refractive power, and its lustr" 
is termed adamantine. 

The fact of the diamond being carbon, is proved by 
combustion, which takes place when it is exnosed to a v 
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high temperature : like charcoal^ it is converted^ by this 
operation^ into carbonic acid. 

It is still sometimes asserted that diamonds^ after being 
exposed for some' time to the sun's lights if taken into a 
dark room^ will shine^ giving out the rays they have ab- 
sorbed; but the account seems to have originated in an 
eastern tradition. 

Until the beginning of the eighteenth century, diamonds 
were obtained only from India, where they are still found 
in several provinces, particularly that of Golconda in Hy- 
drabad, and the island of Borneo : but in 1728 the exist- 
ence of diamonds in Brazil became known to some Por- 
tuguese colonists, who discovered the mines at Serro do 
Frio. They have since been found in other places, gene- 
rally within ten or twelve leagues of the city of Tejuco. 
The most extensive mines are those of Mandanga on the 
river Jighitonhona : it is said also that the Serro San An- 
tonio, and the district of Bio Plata are rich in diamonds. 
Still more lately, in 1829, diamonds were discovered on 
the western side of the Ural Mountains, accompanied, as 
in Brazil, by grains of gold, and sometimes of platina. 

Both in India and South America, the diamonds are 
found in the beds of streams, mixed with sand and quartz 
pebbles and grains of gold, sometimes all connected toge- 
ther by brown ochry clay : the crystals are often so much 
enveloped by this crust, as not to be visible till they are 
separated from it by washing. 

Diamonds were valued by the ancientsi, doubtless on ac- 
count of their hardness and scarcity ; for they were unable 
to cut or even to polish them. The clasp of Charie- 
magne's mantle, which is preserved in the Museum of 
Paris, was adorned with four uncut diamonds of octa- 
hedral form. But about the middle of the fifteenth cen- 
tury, a young man of Bruges, observing the effect of 
rubbing two diamonds together, made the experiment of 
cutting them by means of diamond-dust^ and succeeded : 
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tiie same method is employed at the present day. Dia- 
mond catters avail themselves also of the deavable struc- 
ture of the diamond to remove some parts^ and thus 
reduce them to something like the desired form. The 
octahedral points^ which cannot be removed in this man- 
ner, are reduced by rubbing them against another diamond^ 
each being fixed, by means of cement, to the end of a stick. 
When a facet is thus produced, the position of the dia- 
mond is changed, and it undergoes the same process in 
another dirjection : and when it has assumed the proper 
form, the facets are polished on the skive; a thin cir* 
cnlar plate of soft iron, charged with diamond powder, 
which is made to revolve rapidly ; the diamond being fixed 
by solder, to a stick, and pressed moderately against it. 
Such as are unfit for cutting ate called bort : and of these, 
a great part are broken up, reduced to powder, and sold 
to lapidaries : splinters are sharpened to a fine point, and 
used as drills for other hard substances, and for engraving 
on gems and agates ; and many are set in metal, and used 
by glaziers to cut glass : for« this purpose, only the natural 
crystals are available, and particularly such as have the 
edges convex. 

Diamonds have also been used with advantage for the 
lenses of microscopes, and are constantly employed by en- 
gravers, instead of steel points, for ruling hues to produce 
flat tints. 

Dimnonds of a large size, that is to say, above ten or 
twelve carats,* are rare; though some few have been 
found, weighing upwards of a hundred. The most cele- 
brated ones, that are at present in the possession of 
difTerent sovereigns, have already been described by so 
many authors, that the reader is referred to their works 
for an account of them.t 

* The carat is a weight used by diamond merchants, which is rather 
than four grains troy. 

t Particularly "Minerals and their Uses, in a Series of Letters to a L- 
by J. B. Jackaon, Esq. 
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2. Oeaphitb (Plumbago; Blacklead; Mine de ploinb). 

The substance called blacklead is well known to most 
persons ; but few perhaps are aware^ that when they make 
use of a blacklead pencil^ they draw with a substance which 
is nearly identical with the Diamond. It appears to be 
carbon^ differing from it^ when pure^ only in the state of 
Aggi^g&tion of its particles: it often contains a small 
quantity of earthy matter^ or of iron ; but as the latter 
amounts sometimes to only 1 or 2 per cent.^'both are now 
generally considered as accidental impurities. Oraphite 
has always a metallic lustre^ with sometimes a fine scaly 
structure^ and soils the fingers when haudled. Specific 
gravity, 2 to 2*45. 

The best graphite is that of Cumberland^ but it is found 
in many oth^ parts of Europe^ and large blocks have 
lately been imported from Ceylon: it ocpurs also in 
Canada, and at several places in the United States; gene- 
rally in detached masses of various sizes, or small grains^ 
embedded in gneiss or slate rocks. 

For the best pencils, it is used without any other pre- 
paration than that of sawing it into thin strips, which are 
afterwards enclosed in wood, or formed into thin rods for 
the ever-pointed pencils : but great numbers of pencils of 
inferior quality are made of a mixture composed of black- 
lead dust, intermixed with clay, &nd sometimes with lamp- 
black, or sulphuret of antimony. 



II. Genus, Carburbt. 

1. Carburetted Hydrogen. 

This is the gas called by miners fire'damp. It is formed 
in abundance in coal-mines, and being highly inflammable, 
on the approach of a lighted candle or lamp, it ignites and 
explodes, producing serious accidents, and often loss of life. 

2. Naphtha (mineral oil) is a limpid fluid of a yellowish 
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Colour^ much lighter than wat^^ and very inflammable ; 
on exposure to the air^ it thickens and becomes darker. 
There are springs of this liquid in several countries ; as in 
Albania, and at Amiano near Parma, where it is collected 
and employed for lighting the city of Parma. On the 
western shores of the Caspian, where the soil is light and 
sandy, on making a small hole to the depth of a few 
inches, and inserting a tube, naphtha may be immediately 
obtained: and at Baku, in the north of Persia, are the 
remains of temples built by the ancient inhabitants, fire- 
worshippers, who kept it constantly burning, beUeving it 
to be of sacred origin. 

Petroleum (liquid bitumen) is naphtha, containing bitu- 
men; it is nearly black, and much thicker than naphtha. 
It oozes out of rocks in the neighbourhood of coal beds, 
and hardens by exposure to the air, from the evaporation 
of the naphtha. At Rangoon, in the kingdom of Ava, this 
substance is found in great abundance : the pits, whence 
it is obtained, yield above 400,000 hogsheads annually. 
It is common in many other countries, both of Asia and 
Europe, and found in several parts of North America. 
The bricks of which Babylon was built, were cemented 
by petroleum in place of mortar : the Egyptians employed 
it in the process of embalming; and to the present day, 
the boats on the Tigris are tarred with petroleum. 

Asphaltum is another variety of bitumen, which is sohd 
and hard, breaking generally with a glossy conchoidal 
fracture, and very much resembling vegetable pitch. When 
pure it will float on water, and in this manner is collected 
from the Dead Sea; but it is often mixed with earthy 
matter, and is then heavier than water. 

In the island of Trinidad there is a very remarkable 
small lake, which appears to be entirely filled with asphal>- 
tum. Near the shore it is solid and hard, but at a short 
distance it is warm and soft, and increases in temperatur 
towards the centre, where it seems to be in a boilir 
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state : and even the surface of the solid part seems to have 
been cooled suddenly when in a state of ebullition. 

The asphalte of Seyssel, and other parts of France and 
Switzerland^ used for some years past in payings is of the 
same kind.* 

3. Coal consists chiefly of carbon, which, in different 
kinds, is united with various proportions of bitumen. 

Anthracite (mineral charcoal or glance coal) is the kind 
which contains the smallest amount of hydrogen, and no 
bitumen ; for this reason it bums without flame or smdce, 
and with difSculty. It is used as fuel in lime-kilns and 
furnaces. It is hard, dry to the touch, and shining. 

Common or slaty coal (homlle) differs from the above in 
containing bitumen : this is the substance, which, when 
coal has been a short time on the fire, we see oozing and 
boiling out of the cracks, in the manner of pitch. Coal 
is a brittle mineral, and most varieties have a tendency 
to break into somewhat rectangular fragments. Its spe- 
cific gravity is not above 1'5; and the hardness, which is 
less than that of anthracite, is variable. 

Cannel coal is very compact, with an even texture j 
and breaking with a large conchoidal fracture and scarcely 
any lustre. It bums readily, and with so bright a flame, 
that thin pieces have been used as candles. It is some- 
times turned or cut into boxes, inkstands, and other ob- 
jects, but it does not receive a very brilliant polish. 

This is an excellent sort of coal for burning, because it 
contains more hydrogen than any other: this gas, com- 
bined with a portion of carbon, is obtained from coal by 
distillation, and is the gas employed for lighting streets 
and houses : the bitumen also, which is volatile at a cer- 
tain heat, is obtained by the same process, and is used 
xuader the name of coal tar. 

^ XapbtU* ia found to consist wholly of carbon and hydrogen: petroleum and 
AMphaltvua ajHP^Ar to contain oxygen likewise, and traces of azote. Naphtha ii 
Vuiifi^d fr<w» Ike Wtumen it generally contah»«- ^^ '^•♦^llatioo. 
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These^ and other varieties of coal^ form extensive beds^ 
interstratified with other rocks^ principally sandstone and 
slaty-clay, or shale : the coal strata are generally much 
thinner than the intervening beds, and often appear only 
at considerable intervals, after several repetitions of them. 

lAgnitej biiuminized wood, or broum coal, differs firom 
black coal in having a woody structure, and in containing 
a different sort of bitumen, which bums with a peculiar 
odour: it appears to be coal of imperfect or more recent 
formation than the other kind. There is a considerable 
deposit of it near Bovey, in Devonshire, and it is common 
in many other countries. 

Jet is a vgry compact lignite, which, when broken, has a 
brilliant lustre : the original woody structure may, not- 
withstanding, often be perceived; and it is even found 
sometimes in the form of branches and stems of trees. 
Large quantities of jet are found in the Department of 
Aude, in the South of France ; and several hundred per- 
sons formerly gained a living in that part, by turning and 
carving it for ornaments; but the consumption is now 
much diminished. 

Cologne earthy which is used for painting, is a decom- 
posing variety of brown coal, and in the vicinity of Co- 
logne, it is damped and pressed into moulds and used as 
fuel. 

4. Amber (Succin). 

It occurs in irregular roundish pieces from the size of a 
nut to masses weighing several pounds, which are gene- 
rally embedded in lignite or in the sandy strata belonging 
to the same formation. The colour of transparent varie- 
ties is yellow or brown ; the opaque specimens are often 
white. Specific gravity 1 to 1'18; hardness 2 to 2*5. 

Amber is sometimes found containing insects, which 
seems to confirm the supposition that it is, originally, 
vegetable resin, hardened, and, perhaps other^se alter 
by time and situation. Amber may be distinguished frc 
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substances which are sold under that name^ by its greater 
hardness and tenacity, and its becoming more stron^y 
electric by friction. It bums it with an agreeable 
odour. 

Retinasphatte is a mineral resin cXf a light brown colour^ 
nearly opaque, sometimes earthy, which occurs in lignite: 
it is soluble in alcohol. 

IRghgate resin or fossil copal, schiererite, hatchetine and 
dysodyle, are all minerals of a resinous nature, generally 
occurring with lignite, or near it. 



III. Gtenus, Mellate. 
1. Mellite, which has also been called honey stones 
from its colour, occurs in square octahedrons, resembling 
bits of yeUow resin, embedded in lignite, in Thuringia. 
It consists of alumina and water, imited to mellitic acid^ 
which contains, by weight, about equal quantities of car- 
bon and oxygen. Bums to a white ash. 



IV. Gtenus, OxYDE of Carbon. 
1. CABdONic Acid (Fixed Air), exists in some mineral 
waters, giving them the sparkling pungency of artificial 
soda water. It destroys life and combustion, and being 
much heavier than the air of the atmosphere, it is danger- 
ous to descend into caverns where it is naturally gene- 
rated : the Grotto del Cane, near Naples, is celebrated for 
the eflFects produced by the fixed air, which fills it to a 
level with the entrance. Its compounds are comprised 
in the next genus. 



V. Genus, Carbonate. 
The minerals comprised in tlii« cr^^nns, are characterised 
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by their solubility in acids, at the same time disengaging 
earbonic acid by effervescence; some however * require 
heat to effect their solution. 

1. Natbon (Carbonate of Soda), occurs in nature as a 
powder or incrustation, which, if pure, is white, other- 
wise, yellowish or grey. It is perfectly soluble, and its 
alkaline taste is generally known : crystals obtained arti- 
ficially, are transparent at first, but effloresce by exposure 
to the air, and are soon covered with a white pulverulent 
coating. 

Natron is abundant in some of the lakes of Egypt, 
Arabia, and India; and in Hungary, during the summer 
months, the ground often becomes white with this salt, as 
if covered with snow. 

2* Tbona, which contains less water and more carbonic 
acid, does not effloresce. Between Tripoli and Fezzan in 
AMca, it forms a thin bed of a fibrous structure, from 
which hundreds of tons are extracted annually. It is 
found likewise in Columbia. 
3. Cabbonatb or Lime. 

Few minerals present so great a variety in their ap- 
pearance, and none afford so many crystallizations. 

Calcspary which we have mentioned more than once, is 
carbonate of lime in its purest state : its specific gravity 
is 2*6 to 2*78 ; hardness 3. Its crystals are derived from 
a rhombohedron, No. 49, which is easily obtained by 
cleavage, the planes meeting at an inclination of 105° 5'. 

The annexed figures. No. 8, p. 7, and Nos. 5, 8, 10, p. 8, 
occur more frequently than most others ; No. 4, and 7, p. 
8, also are not uncommon. 

No. 49. No. 50. No. 51. 




<- 
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Calcspar is generally transparent or translucent; the 
faces of the crystals^ sometimes very brilliant; bat it is 
remarkable that the bases of the hexagonal prisms are 
always opaque. It is sometimes perfectly colourless^ often 
of a topaz or honey yellow, greyish, or reddish. When 
pure it consists of 56*3 of lime, and 43*7 of carbonic acid : 
but it frequently contains some carbonate of iron or mag- 
nesia, or 19 coloured by oxyde of iron and clay. 

Exposed to the blowpipe, carbonate of lime does not 
swell nor fall to powder, but becomes white and caustic ; 
it is then quick lime: some varieties are phosphoresent 
when heated, and shine with a pale yellow Ught. Crystals 
of calcspar are rarely found embedded in other rocks, as is 
so commonly the case with garnets, tourmalines, and 
many other minerals ; but they form groups in the clefts 
of calcdreous rocks, and the cavities of metalliferous veins. 
The copper mines of Derbyshire and Leicestershire, and 
the lead mines of Durham, afford beautiful specimens; and 
very fine crystallizations occur in the silver mines of the 
Hartz Forest, particidarly of the hexagonal prism. 

Satinspar consists of fine parallel fibres, either straight 
or waved, and has a silky lustre ; it fills small veins in 
limestone rock, the fibres lying across the vein. 

Limestone is a general name applied to all massive vari- 
eties of carbonate of lime that form beds of great extent^ or 
mountains. Some kinds are granular, witH a highly crys- 
talline structure, such as the marbles of Faros and Carrara, 
which are employed in sculpture: they are likewise called 
sacharoide, from their resemblance to loaf sugar. Other 
marbles are compact, as the yellow marble of Sienna^ 
several richly coloured marbles of Spain (obtained chiefly 
from the Fyrenees), and a beautiful black marble with 
clear white spots, which is quarried in the South of France 
(Arri^ge; Aude; Basses Pyrenees). 

There are many other sorts, containing an immense 

mber of petrifactions. Some of the grey Derbyshire 
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marble consists almost entirely of portions of encrinites 
(called there^ screwstones) ; a similar kind is found in the 
neighboarliood of Mons, and extensively used in Paris for 
tables and other furniture^ under the name oi petit granit. 
Others are fall of the remains of shells^ both bivalves and 
univalves^ some of which retain the pearly lustre and bril* 
liant colours of recent shells. 

The limestone of the South of Devon, (Plymouth mar- 
ble), which is much used there for chimney pieces, &c., 
abounds in fossilized madrepores of a grey colour, prettily 
veined with red and white. 

Stinkstone is limestone containing a large proportion of 
bitumen, which when rubbed or scratched by any hard 
substance, or slightly heated, gives out a strong fetid 
odour : it may be observed in some of the black and grey 
marble of Derbyshire. 

Oolite or roestone, so named from its resemblance to the 
roe of a fish, forms large beds, extending through a great 
part of England. The Bath and Portland building stone 
are good examples of it. 

PecLstone or pisolite differs from it only in the larger 
size of the grains. 

Chalk is carbonate of lime of an earthy texture. It 
forms the cliffs along the south-east coast of England, 
which acquired for our island the name of Albion. The 
lower stratum is much more compact than the upper chalk, 
and less white. 

Rockmilk resembles chalk, but is much more tender : it 
is found in the clefts of mountains, where it is deposited 
by water containing calcareous particles. 

Stalactites* are sometimes transparent and have the 
crystalline structure of calcspar, sometimes they consist 
of parallel layers or bands of different degrees of trans- 
lucidity or shades of colour; this sort is often employed 
for vases and slabs, under the names of alabaster, and onjfjp 
marble. * See p. i5. 
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CalcareouB tt^fa. In Derbyshire are several ^ringSj 
called there petrifying springs, which quickly incrust any 
object immersed in them, by depositing on it the lime 
they hold in solution : this incrustation is tufa or ttsSF. 
But the most remarkable water of this kind is that of 
a stream at St. AUyre, near Clermont, in Auvei^e, which 
having been allowed to run for a length of time in the 
same channel, formed by degrees an embankment 240 
feet long, 12 feet wide, and 16 feet high at the extremity ; 
and near it runs another stream, whose calcareous waters 
have raised an arch so broad and solid, that carriages 
pass over it in safety. 

Limestone rocks are intersected by veins affording the 
ores of lead, zinc, and copper, and afford specimens of 
these intermixed with fluorspar, calcspar, and quartz. 

The limestone rocks also contain the most extensive 
and interesting caverns ; they are generally adorned with 
stalactites which assume the form of obelisks, gothic 
architecture, groves, wreaths and draperies ; sometimes of 
dazzling whiteness, sometimes sparkling with iunumerable 
tufts of crystals. 

4. Arragonite (Hard carbonate of lime). 

Appears to be the same substance as calcspar, but 
differs in its greater hardness, which is nearly that of fluor- 
spar ; and in its crystallizations, which originate firom a 
rhombic prism. It never forms large masses like the 
rocks and strata of limestone, but its crystals are found in 
several situations : very fine ones occur in a red day near 
Molina in Arragon, and in Valencia: and a beautiful 
variety, in the form of a delicate coralline and snow white, 
is brought from some of the mines of Styria and Bohemia: 
it was formerly thought to be a carbonate of iron, and 
csiled flos'ferri. 

Several analyses of arragonite indicate a very small 

quantity of carbonate of strontia and water as constitu- 

nts : but the proportion being variable and not exceed- 
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ing 4'7 per cent., it is doubted whether these ought to be 
regarded as essential to its composition, or accidental. 

6. DoLOMiTB (Miemitcj Bitterspar; Magnesian lime- 
stone). 

This is a combination of the carbonates of lime and 
magnesia, generally in about equal parts, sometimes with 
a small portion of carbonate of iron, which however does 
not affect the (nystalli^ation. At first sight, the crystals of 
dolomite might be mistaken for those of calcspar, but they 
present no other variety than primary rhombohedrons, 
sometimes large, transparent, and brilliant ; or the same 
solid, with a single modification on the lateral angles. It 
affords brilliant cleavages, is a little harder than calcspar, 
and dissolves with scarcely any perceptible effervescence. 

Pearhpar or broumspar is a crystallized variety, com* 

mon in England, particularly among the lead and copper 

. ores ; it is distinguished by its lustre, and the curvature 

of the faces : it is sometimes of a golden-yellow colour, 

but more often brown : translucent or nearly opaque. 

Gurhofian is white and compact, with the texture of 
porcelain. 

Granular dolomite has very much 4he appearance of 
white marble; but is more easily crumbled. A great part 
of Mount St. Oothard, and the mountains of the Tyrol, 
are of this substance, which produces the finest crystal- 
lized specimens. 

Magnesian limestone is finely granular and generally of 
a yellowish-grey colour. It forms extensive beds in the 
North of England, and has been selected as a building* 
stone in the construction of the New Houses of Parlia- 
' inent. The lime obtained by burning this limestone, is 
said to make excellent mortar. 

6. Carbonate of Maqnesia (Oiobertite; Magnesite). 

This is a scarce substance ; found occasionally in ser- 
pentine, either in fibrous plates, or small rhombohedra^ 
crystals. Hardness 3 to 4. 
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NemaUte is the same^ containing water; sometimes in 
grey-silky fibres^ sometimes white and earthy^ resembling 
the magnesia of the shops. Both occur at Hoboken^ in 
New Jersey. 

7. Carbonate of lRON(Iron8par; Spathic iron; Siderose). 
This mineral also crystallizes in the same system^ and 

presents some of the same forms as calcspar. Beautiful 
groups of the flat rhomboid. No. 5, p. 8, rounded on the 
edges so as to have the form of a lens, are obtained in 
Piedmont, and at Baigorry, in the Pyrenees : hexagonal 
prisms from St. Agnes, in Cornwall, and other varieties 
from Cumberland, usually associated with quartz. They 
are generally of a yellowish grey, or a rust colour; rardy 
white. Sometimes it is massive, with a crystalline struc- 
ture, filling veins, and exactly resembling calcspar in ap- 
pearance: it may be distingmshed, however, from that 
mineral by greater hardness = 4, higher specific gravity 
= 3 to 3*8, and by its darkening and becoming magnetic 
when heated by the blowpipe. 

Clay iron ore, a mineral extensively used in the EngUsh 
iron founderies, is carbonate of iron rendered impure by 
an intermixture ofrclay and silica, oxyde of iron, and other 
carbonates; it is earthy or compact, generally grey or 
brown, and occurs in flattened nodules in the coal districts. 
They very generally contain impressions of fossilized femi 
and other plants. 

8. Carbonate of Manganese (Diallagite). 
Generally of a pale rose colour ; cleavable parallel to a 

rhombohedron rather less obtuse than that of calcspar. 
Specific gravity 8*2 to 3*6. It is a rare mineral, found 
occasionally in Saxony and Transylvania. Distinguished 
from Rhodonite by inferior hardness. 

9. Carbonate of Zinc (Calai?iine, Smithsonite), 

Is abundant in many of the localities of lead ores, par- 
ticularly in England and Carinthia. It is massive, stidac- 
titic oi{ incrusting, not ui^fiBiliently crystalline, and is 

\ 
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another example of the prevalence of the rhombohedral 
system in the carbonates^ but crystals are small and not 
frequent^ resembling No. 3, p. 7, and No. 8, p. 8.* 

Calamine dissolves with very perceptible effervescence ; 
but is distinguished from calcspar by volatilizing before the 
blowpipe. It is smelted with other ores of zinc. 

10. WiTHEEiTB (Carbonate of Baryta). 

This mineral is abundant in many of the English lead 
mines^ particularly in those of Alstone Moor, Shropshire, 
and Anglesark in Lancashire ; it is rarely crystallized, but 
occurs in large masses resembling alum. When powdered 
and thrown on hot coals, it emits a phosphorescent light ; 
but it is distinguished from most other carbonates and 
earthy minerals, chiefly by its high specific gravity = 4*29, 
which however has occasioned its being mistaken for a 
lead ore. Fusible, without addition, to a glassy globule. 

The salts of baryta used in chemical analyses, are pre- 
pared from witherite, and in the North of England it is 
used as a poison for rats. 

Barytocalcite is a carbonate of baryta and Ume, found 
at Alstone Moor. 

11. Strontianite (Carbonate of Strontia). 

A mineral that was first discovered among lead ores at 
Strontian in Argyleshire, and is still found in few other 
localities. It is rarely crystallized, but occurs fibrous and 
coarse granular, almost constantly of a pale yellow-green 
colour, and translucent. Specific gravity 3*6. It may be 
fused by a strong heat, and gives a red colour to the flame, 
a property which has caused it to be used in pyrotechny. 

* For the conyenience of reference a list is annexed, of the obtuse angle of 
deayage in the rhombohedral carbonates. 

DiaUagite 103' 



Calcspar 
Dolomite 

Carbonate of iron . 
Carbonate of magnesia 
Carbonate of zinc 



105' 5' 
lOG" 15' 
107" 
107* 25' 
107* 40^ 
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12. Caebonate of Lead (White Lead Ore; Native 
ceruse; Lead spar). 

This is the same substance as the white lead of com- 
merce^ which is prepared artificially. It is abundant in 
some lead mines^ filling large veins or intermixed with the 
other ores, either compact, earthy, or crystalline. Its crys- 
tals are derived from a right rhombic ^ 
prism*, differing very little from that 
of witherite, and are often grouped so 
as to form a cross or a star. It is the 
only mineral which equals the diamond 
in brilliancy; its lustre, when pure and transparent, being 
adamantine. It is brittle; and the specific gravity as high 
as 6*5 to 6'7. When fused by the blowpipe on charcoali 
a bead of lead is obtained ; or if dissolved in nitric acid, 
upon inmiersing a piece of zinc (the surface being quite 
clean) metallic lead wiU quickly be precipitated on it in 
brilliant laminae. Either of these operations will dis* 
tinguish it from witherite. Some of the finest crystalliza- 
tions are brought from the lead mines of Lanarkshire. 
When massive it has sometimes a crystalline structure, 
splitting readily into large flakes with a brilliant surface. 
An earthy variety, resembling chalk in its appearance^ k 
common in the lead mines of Durham and Derbyshire. 
But it is a mineral met with not only in lead mines : it ii 
frequently found with copper pyrites No.^. 
and blende: and in Cornwall, with 
antimony, and other minerals peculiar 
to that district. In these situations it 
often forms columnar masses or acicu- 
lar crystals, with a silky lustre. 
The sfdphO'Carbonate of lead, which is this substance 

* Angle of the rhombic prismi which are the primary forms of • 

Witherite 118» 57' 

StroDtianite . , . . . 117 32 
Carbonate of lead . . . 117 -« 
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combined with about one third of its weight of sulphate 
of lead, resembles it in brilliancy and weight, but when 
dissolved in nitric acid, it leaves a residue which is sulphate 
of lead. 

Carbonate op Copper. 
This term comprises three species, diflfering in the pro- 
portions of their constituents : but they are aU soluble in 
acids^ and their solutions will precipitate metallic copper 
on the blade of a knife, or any piece of clean iron im- 
mersed in them. 

13. Azure Copper Ore is a beautiful mineral of a 
dark blue colour, inclining to purple, and when pure, semi- 
transparent and vitreous : when powdered, a bright azure. 
It is generally crystallized, in short oblique prisms some- 
what modified, which are often grouped into globular and 
reniform masses : when more slender, in tufts. 

The finest specimens are obtained in Hungary, and at 
Chessy, near Lyons, where it is abimdant ; it is generally 
converted into the sulphate of copper , an application which 
is found to be more profitable than smelting it for copper, 
although it contains above 50 per cent, of the metal. 

14. Malachite is another beautiful substance : it is rarely 
crystallized, but occurs in botryoidal and reniform masses, 
from the size of a nut to a foot or more in diameter, with 
a smooth surface and a finely fibrous structure. Its colour 
is a bright pure green; and when broken^ it exhibits con<* 
centric bands ot various shades, following the curves of the 
surface. It is Httle harder than calcspar, but is much 
employed for objects of ornament, since, notwithstanding 
its softness, it receives a fine polish ; and when cut, the 
concentric rings of dark and light green have a very 
pleasing effect. Hitherto, the large and fine blocks of 
malachite employed for these purposes, have been obtained 
firom Siberia : but it appears probable that the Burra Burra 
mines in South Australia, may soon rival that long cele^ 
brated locality; as they have already produced compact 
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masses of great beauty^ and crystallized specimensbotk 
this and the blue carbonate. 

These ores differ in composition^ the blue carbom 
containing less copper and water, and more carboi 
acid, than malachite. 

15. A dark brown mineral, without lustre, and 
has been found in India, which is said to be anhyi 
carbonate of copper. 



Family IV. — Hydrogenides. 
I. Genus, Hydrogen. 
Pure hydrogen is rarely met with in nature ; but, mixi 
with sulphuretted hydrogen, it is often disengaged firom] 
fissures in the earth, during volcanic eruptions and earth- 
quakes. 



II. Grenus, Water. 

A great deal might be said about this most useful sub^ 
stance, which exists in so many forms, and under so many 
different circumstances. When perfectly pure, it consists 
(by weight,) of Oxygen .... 88*9 

Hydrogen . . . 11-1 

But all water, whether pure or saline, contains some 
atmospheric air, vdthout which it would be imfit for the 
support of either animal or vegetable life. The clearest 
springs generally contain also, particles of one or more 
salts in solution. When the saline matters are in sudi 
quantity that the springs derive from them medicinal pro* 
perties, they are called mineral waters; such are the 
springs of Cheltenhan, Leamington, and others. Sea 
water derives its bitter taste from the salts of magnesia 
that it contains. 

Warm springs are common in several countries; and 
some have a very high temperature. The celebrated wittf 
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mt Barrages in tlie Pyrenees, which ar^ impregnated with 

Blphureous vapours, vary from 99° to 117® (Fahr.), and 

Jke spring of Bagn^res de Luchon, of the same kind, raises 

e Ae thermometer, sometimes, above 140o. 

The Geysers, or boiling fountains of Iceland, at a depth 

c]^ some yards, must be far hotter than boiling water at the 

j^ mrface of the earth, and hold even silica in solution. 

Although water is liquid at a moderate temperature, 
ffhen solidified by cold it crystallizes and assumes the 
Torni of hexagonal prisms, and a variety of stellar figures, 
always having six rays or branches at equal andes t these 
crys^zatioL axe often perceptible in flakes o 'anew. 



Family V. — ^Niteides, 
I. Genus, Niteogen oe Azote. 
This gas is contained in the water of many springs : it 
is said, that from one of the warm springs at Bath, up- 
wards of 200 cubic feet are disengaged daily. 

Azote combined with oxygen forms nitric acid: its 
combinations constitute 



II. Genus, Niteates. 

These salts are all soluble in water, and, when thrown 
on Uve coal, cause vivid combustion. 

1. Saltpetee (Nitre; Nitrate of potash). 

On the surface of the soil and on the sides of caverns, 
chiefiy in calcareous countries ; and on the walls of old 
biiild|ng8 and cellars, this salt is often met with, in the 
form |of a thin crust, or tufts of minute crystals. In India, 
Spai](i, and Egjrpt, large quantities are collected from the 
ground during the hot weather succeeding the periodical 
In Kentucky, and some other of the United States, 
it k Jbbtained from the earth that forms the fiioor of caverns. 



Family VI. — Sulfhubides. 
This family contains a great number of substances that 
are highly important and useful in the arts of life, par- 
ticularly most of the ores whence we obtain copper, silver, 
lead, zinc, and antimony; and they are not less interest- 
ing to the mineralogist from the beauty and variety of 
their crystallizations and coloiurs. 



I. Genus, Sulphur. 

Native Sulphur, when crystallised, is a beantifiil 
mineral : the crystals are transparent, of a bright yellow 
slightly inclining to green ; or, when they contain sele* 
nium, of a rich orange tint. They are acute octahedrons, 
sometimes with the summits, sometimes the edges replaced^ 
the base being a rhomb. 

The finest specimens are obtained from the mines near 
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One of its principal uses is in the fabrication of gonpowdeflj^ 
and it is employed in medicine, and in the preparation <riH 
nitric acid. 1 

2. Nitrate op Soda. 

This salt is obtained in large quantity in Peru^ near ih» 
Bay of Yquique, from a bed from two to three feet thick, 
where it is mixed with glauber salt, sand, and the remaii» 
of recent shells; the whole appearing as if it had beea. 
covered by the sea at no very distant period. Bums o& 
coal with a strong yellow light. 

3. Nitrate op Lime. 

4. Nitrate op Magnesia. 
Both are found dissolved in the water of some springs; 

the latter characterized by its bitter taste : they are also 
formed on old walls along with saltpetre. 
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CadijE; and from the Yal di Noto and Yal di Mazzara^ in 
Bicilyj irhere groups of brilliant crystals are prettily con- 
trasted with those of celestine^ equally brilliant and of a pure 
white. In both these localities the sulphur is embedded 
along with gypsum^ in the strata which furnish rock salt* 
But by far the greater part of the sulphur which is employed 
in different manufactures and chemical preparations^ is de-> 
mad from those great depositaries called Solfatara, which 
eust in the immediate neighbourhood of modem volcanos^ 
such as those of FuzzuoU^ near Naples^ in Sicily^ and Gua- 
daloupe. It is said^ that in 1820 Sicily produced 70^000 
tons of sulphur^ of which 40,000 were exported to Great 
Britain alone. Sulphur is collected also &om the crater 
of Yulcano (Lipari); and other active volcanos furnish it 
abundantly. In these deposits the sulphur is massive^ in 
crusts and stalactitic forms, and often opaque. 

The uses of sulphur in the manufacture of gunpowder 
and sulphuric acid are well known : combined with mer- 
cwry, it produces vermillion ; and it is employed in bleach* 
ingy and in medicine. 



II. Genus, Sulphurets. 

1. Sulphuretted Hydrogen. 

Those who have tasted the Harrowgate water are ac- 
quainted with one distinguishing character of this gas, 
— ^its smell, resembling that of rotten eggs. It is dis- 
solved in the water of many other springs both in Europe 
(Pyrenees) and America (Virginia), It is owing to this 
gas floating in the atmosphere of all large towns, that 
silver and copper so soon become tarnished when left ex- 
posed to the air; it unites with the metal, superficially, 
aad forms sulphurets of silver and copper. 

2. CiNNABikR. 

This is a sulphuret of mercury, and occurs in va? 
rtates : sometimes in crystals which are perfectly t 



98 CINHABAB. 

parent, brilliant, and of a fine deep camnne colour : 
times massiye, with a granular structure^ the 
dining to steel grey, and the lustre slightly metallic*, 
occasionally, as a fine powd^ of a rich scarlet 
(native vermillion), which is contained in the ca' 
massiye cinnabar. There is also an impure iraiiet^, 
slaty structure, of a dark liver-red or blackish col 
which contains, besides earthy matter, carbon^ and 
times bitumen {hepatic ore). 

The crystals are six-sided prisms, generally modified 
alternate edges ; but they are usually very small and 
plex. The specific gravity of cinnabar, when pore, 
which is higher than that of any ore which resemble* 
But if a specimen should not be recognised by its e: 
characters, it may be ascertained by the blowpipe: 
sulphur will bum away with a pale blue flame and 
phureous smell; and the whole of the mercury will 
volatilized by the heat; and if a piece of clean copper 
held over the vapour of the cinnabar, it will be 
with mercury. 

From this ore the greater part of the mercury of coi 
merce is obtained by a process of distillation. 

There are in Europe, several extensive deposits of 
nabar ; particularly at Almaden, in Spain (Province of 
Mancha); at Idria, in Camiola; and at Fotzberg, intbe^ 
Duchy of Deux Fonts, on the Rhine. Those of I 
discovered in 1497, are very extensive and productive 
though the ore, which is principally hepatic cinnabar, is 
less rich than that of Almaden. Pliny records that firoffl 
the latter place the Greeks imported red cinnabar, 700 
years before the Christian era; and that in his time, the^ 
Romans received thence, annually, 700,000 lbs. weight 
The principal vein under exploration is from 14 to 16 
yards in thickness, and appears rather to increase than 
diminish in width, as it descends into the earth. 

In the Idrian mines, a great conflagration took place in 
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vpaaiy aad the volatilized mercury occasioned dreadful 
snuilfies among 900 persons in the vicinity. The health 
rei^e workmen employed in the quicksilver mines suffers 
f imft mLUch from the poisonous vapours constantly floating 
air they breathe. 
Iphurets of Silver. 

Silver Glance (Vitreous Silver; Argyrose). 

r (nPiis ore^ when pure^ consists of 86*6 parts of silver, and 

of sulphur, and furnishes the principal part of the 

^r of commerce, being the most abundant of its ores, 

^ J^ if we except native silver, the richest. It is of a dark 

l-grey colour, with metallic lustre, and is found both 

(sive^ and crystaUized in forms belonging to the cu- 

system (figs. 2, 3, 8, 9,) but without any trace of 

Lvage ; and the surface of the crystals is ofken bluish- 

jk, or iridescent. Its specific gravity is 6*9 to 7*2 ; 

fher than that of copper glance, the mineral which it 

it resembles : it is soft and sectile, so that small chips 

ly be cut off without crumbling. 

By exposing it to the blowpipe, a bead of silver is ob- 

nrfedned, without the addition of any flux, the sulphur gra- 

illy burning away : it is soluble in dilute nitric acid, 

isaad if a piece of copper be dipped into the solution, 

jpetallic silver wiU be deposited on its surface. This 

applies equally to aU silver ores when dissolved in 

acid. 

i In the rich silver mines of Saxony and Bohemia, situ- 
c ated in the mountains of the Erzgebirge, this ore forms 
considerable veins: but those worked in the mines of 
Mexico and Potosi, greatly surpass them in size. The 
OTystals adhere to the sides of cavities, and are accom-^ 
paoied sometimes by calcspar, sometimes by quartz, and 
often by copper pyrites. 

4. BRtTTLE Silver Glance (Black Sulphuret < 
Silver), is a sulphuret of silver containing antimony, whic 
is tf a darker colour than the preceding ^ '^ "'i povi 
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dered^ appears quite black. The crytals^ which are rai^ 
are hexagonal prisms^ sometimes terminated by pyramid^ 
or modified by planes on the terminal edges. 

The blowpipe reduces it to a bead of silver; the sulphur 
burning away and the antimony being volatilized in. white 
fiimes. It occurs principally in the silver mines of 
Schemnitz^ in Hungary, and Freyberg in Saxony^ where 
it is wrought and smelted. 

5. Red Silver Ore (Ruby silver; Rubinblende;) is of 
two kinds, — the dark red silver ore is a sulphuret of silver 
and antimony, the light red silver ore in place of anti- 
mony contains arsenic: externally they differ only in 
depth of tint, both occurring in crystallized masses of a 
beautiful ruby colour, sometimes so intense as to appear 
black ; the crystals resemble some of the forms which be- 
long to calcspar, and are derived firom a similar rhom- 
bohedron. The powder of the antimonial ore is dark 
red; that of the arsenical, scarlet. When exposed to the 
blowpipe, both kinds afford a bead of silver; the anti- 
mony of the one evaporating in white fumes, and the 
arsenic of the other producing the characteristic smell of 
garlic. They contain from 59 to 64 per cent, of silver: 
the brittle silver ore is still richer. 

They are all found in several localities of silver glance, 
though comparatively in small quantity in the European 
mines : but in some parts of America, particularly Mexico, 
dark red silver is the principal ore, and the mines of 
,Somberete and Cozala, where that species chiefly is raised, 
have produced immense quantities of metal. 

Myargyrite is an antimonial sulphuret, which affords but 
86*5 per cent, of silver : externally it is black and semi- 
metallic, but when powdered, appears to be very deq^ 
red. 

Polybasite which is rich in silver, contains about 9 per 
cent, of copper aalliBm: colour, dark steel-grey. 

The present* t may be detected by dissolving 
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the globule^ obtamed by fusion^ in nitric acid : the copper 
it contains will be quickly deposited on a knife blade 
dipped into the solution. 

Strofneperine, a salphnret of silver and copper^ has 
been found at Schlangenberg in Siberia^ in small compact 
masses of an iron-grey colour and metallic lustre. These 
substances occur in but few of the great depositories of 
silver ores^ and in very small quantity. 

Sulpburets of Copper. 

There are several combinations of sulphur with copper, 
some of which, the copper glance, copper pyrites, and 
variegated copper, are valuable ores. 

6. Copper Glance (Vitreous Copper Ore). 

This is the grey copper ore of the Cornish miners; it has 
a dark steel grey colour, and when freshly broken, a per- 
fectly metallic lustre ; but the exterior is often black and 
dull. Its crystals belong to the rhombohedral system, 
and are generally short hexagonal prisms, with the terminal 
edges replaced, or terminated by pyramids : and, some- 
times, double pjrramids occur, without any intervening 
prism. It is more often, however, found in masses with- 
out any regular form, or filling small veins. When not 
crystallized, it might easily be mistaken for the sulphuret 
of silver, but the fracture has less brilliancy, and the 
copper ore melts easily before the blowpipe, but is not so 
quickly reduced vdthout soda. The specific gravity, also, 
does not exceed 5*8. 

This is the richest of all the sulphurets of copper, af- 
fording 75 per cent, of metal, and being in general very 
free fi*om any other. It has been met with in some of the 
Cornish copper mines, but only in small quantity ; but in 
the Oural mountains it is an object of extensive exploita- 
tion: it is said to occur there in nodules of various sizes> 
disseminated in veins of day and gravel. 

7. Vabiboatbd Copper Oee (Phillipsite). 

This was long considered to be the same substance i 
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copper pyrites^ of whicli the surface was tandshecL } biit it 
differs from it in containing less iron and sulphur^ affrad- 
ing about 60 per cent, of copper^ while copper pyrites does 
not yidd more than 33 or 34. The poorness of the latter^ 
however^ is compensated by its greater abundance. Sodi 
the crystallised and mammelated varieties usually exhibit 
brilliant colours, in which purple tints are the most con- 
spicuous : these, however, are superficial, and on breaking 
it, the colour appears to be rath^ browner than that of 
metallic copper. Crystals are rare: they are generally 
cubes with the angles replaced (PI. fig. 2) ; sometimes 
it forms a thin coating on crystals of copper glance^ and 
it is often disseminated amongst quartz and other minerals. 
It is softer than copper pyrites, and the colour much 
redder : and it is less easily fmsible than copper glance. 
Specific gravity about 5. 

8. Copper Pyrites (YeUow Copper Ore), 
Is the most abimdant of the English copper ores. Its 
colour is that of brass, and its lustre perfectly metallic and 
shining, particularly when fresh broken. It is easily 
scratched by a knife; differing in this character from 
iron pyrites, which is much harder. Groups of smaD 
crystals which are tetrahedrons variously modified, or 
octahedrons, differing little from the regular one, are 
often sprinkled over other substances, as quartz, calcspar, 
fluorspar, galena, and blende, but they are very seldom 
distinct or perfect. 

* Copper pyrites, when pure, consists of sulphur 85*87, 
copper 34*40, and iron 30*47. Both this and the varie- 
gated ore, when fused by the blowpipe, afford a globule 
which is attractable by the magnet. 

Copper pyrites forms veins in granite, slate, and other 
rocks, sometimes filling them entirely, sometimes distri- 
buted in irregular masses varying in size, and occasionally 
weighing some hundreds of pounds. The Derbyshire 
mines, those of Freyberg in Saxony, and St. Marie aux 
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Mjnes in Alsace, haye produced the most beautiful spe- 
cimens of this ore. 

9. Gbey Coppbb Obe (Fahlpre, or Fahlerz). 
The composition of this ore varies exceedingly in dif- 
ferent localities; but it stiU presents nearly the same 
appearance; alight grey metallic substance, either massive, 
or crystallized in the form of the re- No. 54. 

gnlar tetrahedron which is generally 
modified by planes on the edges or 
angles. It consists principally of sul- 
phnret of copper, antimony, and iron, 
with arsenic, zinc, or silver, and some- 
times with all these metals: the proportion of silver 
amounts in some instances to 17 per cent; the ore is then 
worked jfor the sake of the silver as well as of the copper : 
this is the case in the mines of .ChilL Good crystals are 
sometimes obtained in the Cornish mines. 

10. Bellmetal Obe (Tin pyrites). 

A rare mineral which has been found, hitherto, only in 
Cornwall : it is metallic, of a yellowish-grey colour, in- 
clining to red, and consists of sulphur 30'5, copper 30, 
tin 26-5 and iron 12. Does not crystallize; specific 
gravity 4*3 to 4*78. 

11. Tennantitb is a sulphuret of copper and arsenic, 
which is also peculiar to a few localities in Cornwall. It 
occurs in small black brilliant crystals, which are rhom- 
boidal dodecahedrons, sometimes with the angles trun- 
cated. 

Sulphuret of iron. 

Of this there are three species; two of which, common 
and white iron pyrites, differ in crystallization, but like 
calcspar and arragonite, consist of the same elements and 
in the same proportions ; namely, sulphur 52*70 and iron 
47*30 : the third species, magnetic pyrites, is composed 
sulphur 40-15 and iron 59-85. Their specific grav 
varies firom 4-6 to 5. 
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12. Common Ptbites (Martial pyrites j Mundic of iha 
Miners) 

Is a yellow, metallic substance, crystallizing in cobes, 
octahedrons, and more particularly in ^^ 55 

forms presenting faces of the pentago- 
nal dodecahedron (PI. figs. 13,14, 15, 16) . 
The planes of the cube are very often 
streaked in directions corresponding to 
these faces. Independent of its crjrstal- 
ligations, which are generally perfect and often on a large 
scale, it may be distinguished from copper pyrites by ite 
paler colour, more conchoidal fracture, and greater hard- 
ness, scratching glass and striking fire with steel. This 
latter property of pyrites was known to the ancients, who 
gave it the name it still bears, which raesjia fire-stqne. For 
the same reason, it was used in the early times of fire- 
arms, instead of the gun flints by which it was afterwards 
replaced. 

The ancient Peruvians are thought to have used it for 
mirrors, small polished plates of it having been found in 
some of their tombs; hence in that country it is still 
sometimes called, piedra de los Ineas. Form^ly, when 
steel battons were in fashion^ pyrites also was cut into 
such ornaments, and worn under the name of marcasUe. 

At the present time^ though it is applied to none of 
these purposes, it is vefy useful, being employed in the 
production of sulphuric acid, alum, and sulphate of iron, 
or copperas. 

Iron pyrites is one of the most abundant ores in nature, 
and more universally distributed perhaps than any other 
mineral, being found in every kind of rock that we are 
acquainted wit]i. In some localities, it contains particles 
and scales of gold : at Beresof in Siberia and Macugnaga 
in Piedmont, the gold occurring in this manner is a prin- 
cipal object of research. 

13. White Iron Pyrites, so called from its very pale 



MAGNETIC PYRITES. 105 

colour, occurs in groups of tMa tabular crystals derived 
irom a rlLombic prism^ which present a number of very 
Llxarp or acute edges : from its peculiar forms^ it has been 
:aJled cockscomb pyrites and spear pyrites. 

The radiated nodules so common in the chalk cliffs^ are 
d£ this kind : their exterior is often of a brown colour, 
Eoid without any metallic lustre ; this is the result of de- 
composition, by which it is converted into hydrous oxyde 
c^ iron: entire crystals have sometimes undergone this 
cliange, and are called hepatic pyrites. Both kinds are 
found in coal, and their decomposition occasio^s the 
spontaneous combustion that sometimes takes place in 

coal mines. 

Ignorant persons oft^n persuade themselves that the 

small veins and scales of pyrites in coal, may be gold; but 

gold is malleable and sectile, qualities which do not be-^ 

long to pyrites. 

14. Magnetic Pyrites is of a darker colour, inclining 
to that of bronze, and is much softer than the other 
species ; when crystallized, it assumes the form of the hex* 
i^nal prism. It is not a plentiful substance, but has been 
found in Cornwall, Derbyshire, and several other countries. 

15. Arsenical Pyrites (Mispikel) 

Is nearly as white as silver, and hard enough to give 
sparks with steel, at the same time emitting a strong 
odour of arsenic, of which it contains above 40 per cent. 
It abounds in the tin veins of Cornwall and Bohemia, 
mostly in crystals, which are rhombic prisms modified 
on the angles ; and sometimes embedded in rocks of gra- 
nite and micaschist j but rarely in the veins which afford 
silver and lead. It is sometimes radiated. 

16* Alabandine (Manganblende; Sulphuret of Man- 
ganese). 

In the gold mines of Transylvania, this ore, which 
black and metallic, occurs, penetrating or embedded 
the rose-coloured manganese. Infusible. 
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17. Molybdenite, 

This ore, which is a pure sulpliiiret of molybdentim, 
occurs in small masses which strongly resemble graphite; 
but with care, tbey may be separated into thin laminse^ 
which are flexible but not elastic. Sometimes, but rarely, 
it is crystallized in hexagonal plates. 

It has been found in the granite of Cumberland and the 
tin veins of Cornwall, as well as the Alps, Norway, &c. 
It may be distinguished from graphite by dissolving in 
nitric acid. It was thought, in the first instance, to be a 
native metal, and received the name molybdenum from its 
resemblance to lead. 

18. Galena (Sulphuret of Lead). 

This may, in general, be easily recognized by its cnrs- 
taUizations, and its very perfect cleavages, parall^ to the 
faces of a cube, as well as by its pure lead-grey colour. 

Its most common forms are figs. 3, 4, PL, also, per- 
fect cubes and octahedrons, and, less often, cubes having 
the edges replaced, figs. 8, 12. The surface of the crys- 
tals is often dull, but that of the fracture always brilliant ; 
and it is so brittle that cleavages may be obtained by a 
very slight blow. The same crystalline structure prevaOs 
where the galena is massive, sometimes resembling that of 
statuary marble : more rarely it is fine granular, or cx)m- 
pact with scarcely any lustre. Its specific gravity is 7*5 to 
T'l, It is easily fiised, giving off sulphureous fumes, and 
affording a globule of lead. 

Some galena is combined with sulphuret of silver. When 
this is in sufficient quantity to render it worth the eat- 
pense of separating the silver, it is called argent^erouf 
galena. This is the case in Cornwall and Devon, where 
several per cent, of silver are obtained from the lead. 

In order to know whether galena contains any silver, 
dissolve a little in nitric acid, and dip into the solution a 
piece of copper : the silver, if there be any, will be de- 
posited as a white metallic film on the copper. 
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There is a singular kind of galena found in Derbyshire^ 
called slickensides : it forms a thin coating on the sides of 
some of the veins, having a polished, though not always 
a flat surface, as if produced by friction. It is said that 
if this film be scratched, it explodes violently ; for which 
reason^ the miners, when they discover a mass of slicken- 
sides, carefully avoid touching it, till they are at some 
distance, when one of them strikes it with a nail fastened 
to a long pole, and quickly runs out of the way. 

19. BouRNONTTB (Endcllion) is a sulphuret of lead, 
copper, and antimony, the former amounting to 40 pei 
cent. It is found in some mines of Cornwall, Saxony, 
and the Hartz, in very small crystals, nearly black, which 
are rectangular prisms much modified. 

20. Blende (Sulphuretof Zinc; Black Jack of Miners). 
This, when pure, is of a yellow colour, slightly tinged 

with green; but it is much oftener, dark reddish brown, 
or garnet red, and contains some portion of sulphuret of 
iron. It crystallizes in the form of the rhomboidal dode- 
cahedron, and very perfect cleavages may be obtained pa* 
rallel to the faces both of this solid and of the octahedron. 
The yeUow blende is transparent, the darker varieties 
more or less translucent. The crystals, both externally 
and when fractured, have considerable briUiadcy, but very 
little metallic lustre : in specimens that are not cleavable, 
the fracture is often waxy. Blende contains from 50 to 
63 per cent, of zinc, the remainder being sulphur and 
iron: its specific gravity is 4*16, some varieties become 
phosphorescent by slight friction. 

Radiated Blende is of a dark brown colour; it is said 
to contain 2 or 3 per cent, of cadmium, and occurs in 
nodules. 

Blende is found principally in the same localities 
Galena, and often intermixed in the same vein; but 
crystals are associated also with the ore of copper, ] 
sometimes of tin. It is used in th" ^-^-'''^tion of a 
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and brass^ thoagh it was formerly thrown aside as worth* 
less. White vitriol also (sulphate of zinc) may be pre* 
pared from it by decomposition. 

21. SuLPHUBBT OF Nickel (Hair pyrites). 

A rare substance^ which occupy in some veins of the 
Bohemian and Saxon silver miaes^ and also in ComwaO^ 
in little tufts of crystals as fine as hairs^ which are of a 
greenish colour and metallic. 

It is soluble in nitric acid, and the solution becomes 
violet on the addition of ammonia. 

22. Nickel Glance (Grey Nickel) is a combination 
of nickel with sulphur and arsenic, which is found in small 
masses, compact or lamellar, at Helsingland in Sweden^ 

23. Sulphuret of Bismuth (Bismuth glance). 

This ore also occurs in tufks of slender crystals both in 
Cornwall and some other of the localities of the nickel 
pyrites ; but it may be distinguished by its greater fusi- 
bility, melting even in the flame of a candle ; and when 
fused by the blowpipe on charcoal, it leaves on it a yellow 
deposit, which is the oxyde of bismuth. It contains 81 
per cent, of bismuth. 

Argentiferous bismuth ore has been found with fluor, at 
Baden, in a similar form. 

24. Need'le Ore is a sulphuret of bismuth, lead and 
copper, of a lead-grey colour and metallic lustre. It 
occurs penetrating quartz and other earthy matters, in 
the mines of Ekaterinenburg in Siberia, and likewise in 
the silver mines of Bohemia, Saxony, &c. 

25. Sulphuret of Antimony (Grey Antimony). 
From this ore all the antimony of commerce is obtained. 

Its lustre is shining and perfectly metallic, and it occurs 
either massive or crystallized in rhombic or six-sided 
prisms, generally terminated by four planes. It is seldom 
that more than one termination is visible, the crystals 
being aggregated in divergent groups : sometimes thejr 
are several inches in length : very often acicular, and erei 
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^apillary^ intersecting each other in all directions : one 
raxiety^ (plumose antimony,) consisting of delicate fibres 
nterlaced, resembles felt. The surface of the crystals is 
K>inetimes tarnished with brilliant prismatic colours; other- 
Bvise its colour is lead-grey. It is soft and very tender, 
jn^elding to the pressure of the nail ; specific gravity 4*8 to 
4"6. Cleayable in one direction with ease, and affording 
thin laminse which are flexible. 

This mineral is fdsible in the flame of a candle, and 
when exposed to the blowpipe, it is entirely volatilized in 
white fumes. It contains fipom 73 to 76 per cent, of 
antimony, the remainder being sulphur. It is distributed 
through most countries of Europe, but there are few in 
which it is very abundant: the most extensive miaes are 
those of Hungary and the central part of France : it is met 
with also in Cornwall, and has been brought fipom Borneo. 
Antimony is applied to many purposes: oue most im- 
portant use is in the composition of type metal, for which 
it is alloyed with lead; and in forming pewter and Bri- 
tannia metal, it is combined with tiQ. Several medicines 
also are preparations of antimony. 
26. Haidingerite (Berthierite). 

A sulphuret of antimony containing 15 per cent, of 
iron and 52 of antimony, which occurs in considerable 
quantity at Chazelle, in Auvergne, in masses with a con- 
fused lamellar structure. It resembles grey antimony ore 
in its appearance, but by exposure to the blowpipe affords 
a globule which is attractable by the magnet. 

It has been worked as an ore of antimony, but aban- 
doned in consequence of the difficulty experienced in 
separating the iron. 

27 & 28. ZiNKENiTE and Jamesonite are sulphurets of 
antimony with lead. Both have a steel-grey colour, tl 
former firom Wolfsberg, in the Hartz, crystallized 
hexagonal prisms, or fibrous : the latter occurring in sms 
rhombic prisms, or fibrous, in Cornwall and Hungary. 
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Geocranite, Plaffionite, and Boulangerite are all sul- 
phurets of antimony and lead, differing only in their pro- 
portions. 

Kobellite is a radiated ore consisting of the sulplinrets 
of antimony, lead, and bismuth, from Hvena, in Sweden. 

29. SuLPHURET OF CoBALT (Cobalt Pyritcs) 
Is a metallie mineral of a light grey colour, breaking 

with a fine granular fracture, which has been found 
massive, and, more rarely, crystallized in octahedrons, at 
Ryddarhytten, in Sweden. Composed of 43 per cent, of 
cobalt, 41 of sulphur, and a small quantity of copper and 
iron. 

30. Cobalt Glance (Cobaltine; Silver White Cobalt). 
This ore occurs in small distinct crystals which are 

white with a faint tinge of red, a perfectly metallic lustre, 
and considerable brilliancy. It crystallizes in the same 
forms as iron pyrites, particularly figs. 13, 14, 15. Cobalt 
glance, however, may be distinguished by its colour and 
greater specific gravity, = 6*29, and being more brittle. 
It consists of cobalt 33, sulphur 20, arsenic 4«3, iron 2. 

On heating it by the blowpipe, it gives off arsenical 
fumes, which is not the case with the above-named ore : 
but both substances communicate an intense blue to 
borax or any other flux ; this result is characteristic of all 
the ores of cobalt. It may further be distinguished from 
iron pyrites and arsenical pyrites, by giving a rose-coloured 
solution in nitric acid. 

Cobalt glance is found in greater quantity in Norway 
and Sweden than in any other country, and is there 
intermixed with copper pyrites. From this ore is pre- 
pared a great part of the smalt and other cobalt blues 
used in the potteries and for other kinds of painting. It 
is first converted into a silicated oxyde, called Zaffire, by 
calcining the ore, in order to volatilize both the sulphur 
and arsenic, and then heating it with about twice its 
weight of flint reduced to a fir- ^-^. In this state it 
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brought to England^ where smalt is prepared from it, 
by remelting the Zafi&e with a proper quantity of glass, or 
glass and potash: this compound^ while in a state of 
i^ision^ is poured into cold water, which causes it to break 
into small angular pieces, like gravel; this is ground, 
YFashed, and separated into smalt of different degrees of 
fineness. Besides its use in painting on porcelain and 
with oil, a great deal of this colour is consumed in giving 
a blue tinge to paper, muslin, calico, &c. 
Sulphuret of arsenic. 

This is of two kinds: Realgar, containing 69 per cent, 
of arsenic, and orpiment, which contains only 62 per cent. 
31. Realgar (Bed orpiment) occurs in small granular 
masses and crystals of a fine crimson red colour, which 
are transparent or translucent, perfectly vitreous and 
without metallic lustre. The crystals are derived from an 
obUque rhombic prism and are often complex. It is so 
soft as to yield to the nail, and brittle. Specific gravity 
3-8 to 3-6. 

Realgar is wholly volatilized by the blowpipe, a cir- 
cumstance in which it differs from the red silver ores; 
while the arsenical fumes produced by the operation, dis- 
tinguish it from cinnabar: it differs from cinnabar hke- 
wise in colour; for when pulverized, it appears orange-red, 
while cinnabar is of a pure crimson. 

Realgar is found most abundantly in the silver mines 
of Hungary, Bohemia, and the Hartz; sometimes with 
native arsenic : and it is met with in smaller quantity in 
the craters of volcanoes and the solfataras in their vicinity, 
where it is often intermixed with the following species. 
32. Orpiment. 

This is very different in appearance from realgar: it 
is very rarely crystallized, but, generally in lamel^' 
masses of a brilliant lemon or golden colour : the lami 
are easily separated, and have somewhat of the pea 
lustre of talc. The texture is sometimes compact 
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earthy. Its hardness^ specific gravity^ and chemical chap* 
racters are nearly the same as those of realgar. Tho 
finest specimens of orpiment come from Persia, and re« 
quire no other preparation than grinding, to be used as m 
pigment; it is also prepared in Saxony, artificially; bufc 
this has not so fine a colour as the native orpimenL 
Realgar also is sometimes used in painting, but unfor^ 
tnnately it is not a permanent colour. 



III. Genus, Oxydes op Sulphur. 

1. Sulphuric Acid (Oil of Vitriol) . 

2. Sulphurous Acid. 
These are both produced by the combustion of sulphur 

in volcanic regions. They escape from the earth in the | 
form of vapour, which is quickly absorbed by the pods 
and streams in the vicinity, and thus produce the acidu- 
lous waters which are sometimes found in subterranean | 
cavities, such as the Grotto of Santa Mora, in Tuscany, 
and the caverns of the Isle of MUo. 

Sulphurous acid is recognised by its suffocating odour, 
resembling burning sulphur : the same effect will be per- 
ceived from sulphuric acid, by immersing charcoal in it, 
and heating it. 

The composition of sulphurous acid is sulphur 50'14, 
oxygen 49'86; of sulphuric acid, sulphur 40*14 and 
oxygen 59*86. 



IV, Genus, Sulphates. 
These salts, with very few exceptions, are transparent, 
^ataUine substances, and the greater part of them are 
tlgJl^b)e in water. 

'Kh^ «^vaa of commerce is a well known substance 



ALUMSTONl. 113 

^liicli may be obtained crystallized in octahedrons^ either 
limple^ or vith the angles^ and less often the edges, re- 
>laced: but in nature, crystallized alum is rare. It 
iccrtrs most frequently as an effloresence, or in silky 
ibroxLS masses. At Whitby, in Yorkshire, and near 
Paisley, the slate rocks are quarried for the purpose of 
>btaining the alum from them ; this is done likewise in 
Prance, Germany, and other countries. 

rrhe common alum of the shops consists of sulphate of 
Blxunina, sulphate of potash, and water; but native alum 
contains, more frequently, iron instead of potash, and has 
somewhat of the inky taste of the pure sidphate of iron : 
this kind is sometimes called feather alum or plumose 
akan, from its form : it is generally of a yellowish colour. 
There is also feather alum which contains no other salt 
than the sulphate of alumina. 

Soda alum has been observed in the Isle of Milo, and 
in South America. 

Magnesia a/ttm likewise occurs in the latter country, in 
considerable masses, fibrous and silky. 
Ammonia alum is found in Bohemia. 
2. Alumstone (Ahiminitej Alumite). 
This mineral differs a good deal from alum, being in- 
soluble in water, and nearly as hard as felspar. It exists 
in large masses in Hungary, at Tolfa near Rome, and in 
some other localities, generally compact, and with groups 
of small crystals in the cavities. These are obtuse rhom- 
bohedrons, transparent, or nearly so; and colourless, grey- 
ish, or reddish. 

It may be dissolved in sulphuric acid : some varieties 
contain a good deal of silica; and that in Himgary is so 
hard as to be used for millstones. But its chief use is in 
the production of alum, which is obtained by calcining, 
and then exposing it to the air, moistening it frequent] 
with water. Alumstone contains less acid than alum. 
JVebsierite, a white, earthy, insoluble substance, 
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another sulpliate of alumina which has been found 
Newhaven in Snasex^ and Halle in Saxony. Disti 
from chalk by not effeirescing with acicL 

8. Epsom Salt (Epsomite; Sulphate of Magnesia; 
d' Angleterre ; Sel de Sedlitz). 

Pew persons are unacquainted with the strong bi 
taste of this salt, which imparts the same quality to 
water. It is most abundant in the water of some sprLi 
and received two of its names from one long celebrated 
at Epsom, in Surrey, and another at Sedlitz, in Bohemia* 
It occurs also, as an efflorescence, on some aluminoo* 
schists of Savoy, and in the earth of some caves in tte 
Western States of North America. In the mammoth cave 
of Kentucky, it adheres to the roof in loose masses, as 
white as snow. 

4. Cblestinb (Strontian Spar) 

Is the sulphate of Strontia. It is genially oystalliaed 
or lamellar, rarely granular or compact. The primaiy 
form is a right rhombic prism, obtuse angle 104.® SCX ; but < 
the larger faces of most crystals are se- No. 56. 
condary ones. It is transparent or trans- 
lucent ; sometimes colourless, but more fre- 
quently a very pale blue, whence it received 
the name of celestine ; and occasionally flesh red. In its 
appearance it resembles some of the zeolites, but may be 
distinguished by inferior hardness, and higher specific 
gravity = 3*9 or 4, and by tinging the flame red, when 
ftised by the blowpipe. Compositon, sulphuric add 43*64, 
strontia 56*36. 

The finest crystallized specimens are brought firom 
Sicily, where it occurs in brilliant divergent groups, 
with sulphur: it is not common in Great Britain, but 
nodules are found in cavities in basalt and amygdaloidal 
rocks, as at Calton Hill, near Edinburgh; and in red day 
near Bristol; most of these are lamellar, but some, fibrous 
or compact. 
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6. Heavyspar (Barytinej Sulphate of baryta). 
This is a more abundant mineral than the preceding : 
the crystals are most commonly tabular, No, 67. 

presenting numerous modifications, and / / p 

often of a very large size: they are O '^^fy 

derived from a prism differing very little from that of 
eelestine. It is either colourless, brownish yellow, or red 
from an intermixture of ochry day ; sometimes also, grey 
and even black. Fibrous varieties are often dark brown 
and opaque \ when earthy it is white and opaque, resem- 
bling chalk. The specific gravity of heavy spar is 4*7 ; 
hardness generally above that of calcspar. 
, K sulphate of baryta, after being calcined, be exposed 
to the sun^s rays, and then taken into a dark room, it 
emits a reddish phosphorescent light ; this property was 
first observed in some radiated groups of crystals from 
Bologna, whence that variety received the name of Bo* 
hgna spar: and the calcined substance, powdered and 
made into small blocks with gum water, was sold under 
the name o{ Bologna phosphorous. 

Fine crystallized specimens are obtained from the 
Cumberland lead mines, and the mines of Saxony, and 
the Hartz : also from the ftdler's earth pits in Surrey. 

Hepatite is a variety found in the silver mines of Ko- 
nigsberg, which, when rubbed or heated, emits a foetid 
smell. 

Cawk is a name given by the Derbyshire miners to the 
massive, white, earthy kind. 

Heavyspar is used to adulterate the white lead used in 
pamtingj and for the preparation of barytic salts for 
chemical experiments. 
Sulphate of Lime. 

Of this there are two species : the one containing water; 
the other, anhydrous. 

6. Gypsum (Selenite; Plasterstoncj Alabaster). 

This species presents considerable variety in its appear- 
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ance^ bat its essential characters are generally the same. 
Its crystallizations are derived from a right rhomboidal 
prism: specific gravity 2*32: hardness not exceeding 2, 
and most varieties yield to the pressure of the nail: before 
the blowpipe^ the most transparent crystals immediately 
become opaque^ exfoliate^ and are easily crumbled : and 
all varieties after being calcined^ when reduced to powder 
and mixed with water, harden in drying, into a solid 

mass. No. 58. 

Selenite^ is crystallized gypsum ; the 
crystals are generally tabular with be- 
velled edges ; sometimes macled, form- 
ing what is called the arrowhead 
crystal : these are often very large and 
of a deep brownish yellow ; otherwise, 
selenite is generally colourless, trans- 
parent, and of a pearly lustre, somewhat 
resembling stilbite at first sight : but 
they are easily distinguished by the 
great diflference of their hardness. 

Selenite may be cleaved with great ease, parallel to the 
broader faces of the crystals, and affords thin plates as 
transparent as glass : the Romans are said to have co- 
vered their greenhouses with laminse of selenite, before 
the art of glass-making was understood; and imported it 
for this purpose from the Isle of Cyprus, Spain, and ev^i 
Africa. Fine groups of transparent crystals are brought 
from the valley of Bex, in Switzerland. 

Alabaster. We have already spoken of a carbonate, ci 
lime which is sometimes so namedf: but the term is now 
more generally applied to the granular variety of gypsum. 

The ancients gave the name alabastron originally to 
small vessels of white stone and peculiar form, that were 
manufactured at the town of Alabastron, in Egypt ; but 

* Sekne, gr., the name of the moon, 
t P. 87. 
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4 

fterwards^ the term was applied to others of a similar 
oarm, or that were applied to a similar purpose^ sueh as 
Lolding ointments or perfiimes.* 

The modern alabaster is the substance so extensively 
ised for carving small statues^ groups of figures and 
ixmnals; and boxes and vases^ which are turned in a lathe: 
for these purposes it is admirably adapted by its brilliant 
vrhiteness^ translucency, and softness. The best, in point 
of whiteness and evenness of texture, is quarried near 
Volterra, in Tuscany. Granular gypsum forms consider- 
able beds in several countries, often associated with beds 
of rock salt, as in Cheshire ; and is frequently tinged and 
veined with red or grey. This sort is extensively quarried 
at Chellaston, near Nottingham, and is burnt ion plaster 
of Paris. The gypsum of Montmartre, near Paris, con- 
tains 7 or 8 per cent, of carbonate of lime, and is used 
generally for plaster in the construction of buildings, which 
is said to be superior to any other : the masses of crystal- 
hne gypsum which are found embedded in it, are prepared 
as fine plaster for modellers. 

Fibrous gypsuMy is sometimes called satin spar; but it 
differs from the carbonate of lime so named, not only in 
much greater softness; it is more translucent, and the 
slender columns of which it consists are generally very 
straight. 

The analyses of gypsum shew it to contain, when pure, 
sulphuric acid 46, lime 33, water 21. 

7. Anhydrous Gypsum (Muriacite; Vulpinite; Bardi- 
ghone; Cubespar; Anhydrite). 

This species is much harder than the preceding, scratch- 
ing calcspar with ease. The granular kind, which is nearly 
compact, has much the appearance of marble, but is more- 
translucent, and is cut into slabs for the same purpof 

• In the Gospel of St. Luke, chap, vii, t. 37, we &id mention of 

"And, behold, a woman of the citj bronght an alabaster be 

omtmenk** 
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under the names of Marmo di Bardiglio^ and YulpiBii 
from the names of the places where it is quarried. 

Muriacite is a name given to the crystallized varii 
because they were found to contain sometimes^ traces 
salt (muriate of soda). The crystals are rect 
prisms^ generally modified by several planes on the e 
and yield readily to cleavage. Specific gravity 2*5 to 2 

8. Glaubebite. 
Small crystals of this substance are disseminated in 

rock salt and saliferous day of Villa Bubia in Tol 
they are very oblique prisms^ rather flat, with sharp ed; 
Glauberite consisits of 51 per cent, of glauber salt, and 
of sulphate of lime, and is partly soluble, the sulphate 
lime formmg a sediment. 

PolyhdUite*, so named from the numerous salts it 
found to contain, is of a brick-red colour, and co 
fibrous, with a bitter taste : it consists of the sulphates 
lime, potash, and magnesia, and occurs at Ischel in AustriaJ 

9. Glaubeb salt (Sulphate of Soda). 

This is found as an efflorescence in some parts of AubJ 
tria and Tyrol, and around some lakes in Siberia, in tlw 
water of which it is dissolved. It has a bitter taste, pro- 
ducing at the same time, a sensation of coolness in the 
mouth. It consists of sulphate of soda 79*8 and 20.2 (rf 
water. 

Thenardite is an anhydrous sulphate of soda, obtained 
from Espartines near Madrid. 

10. Sal Polycbest (Sulphate of Potash) . 

A soluble salt of rare occurrence, which sometimes 
forms a thin crust on lava; taste, bitter and saline. 

11. Mascaonine (Sulphate of Ammonia) 

Is characterized by a pungent bitter taste. It occurs 
in the form of a mealy coating, generally of a yelloir 
colour, on the recent lavas of Etna and Vesuvius. When 
dissolved, the smell of ammonia is perceptible. 

♦ Polus, many, and Aato*, salt. 
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12. Sulphate of lEoi»f (Green Copperas ; Green Vi- 
'ax>l; Melanterite). 
This salt^ which is of a sea-green colour^ occurs in most 
where iron pyrites is abundant^ particularly the 
pyrites ; and is often dissolved in subterranean pools 
streams of water. When crystallized^ it takes the 
of oblique rhombic prisms. 
It may generally be recognized by its inky taste, and 
y- producing a black colour^ if a drop of tincture of nut- 
pbUs be added to a solution of it^ or even a drop of strong 
.|lft; or, by adding a drop of prussiate of potash, a bright 
. fae will be obtained, which is prussian blue. It contains 
^ per cent, of water. 

Coquimbite is another sulphate of iron, whicb is found 

p. great abundance in South America: near Copiapo, in 

whili, it occurs in beds and Yeins ; and in Bolivia it forms 

,jart of a hiU. It is colourless, brown, yellow, red or blue, 

Vid has a granular or crystalline structure. 

There are some other sulphates of iron, diflfering some- 
vhat in their composition from these, but all soluble, and 
tfFording the same results with the tests above-mentioned. 

13. Sulphate of Copper (Cyanose j Blue vitriol) . 

, Like the other soluble metallic salts, this is rarely found 

erystallized; but is abundant in some localities, dissolved 

in water. The Parys copper mine in Anglesea, was dis- 

ijcovered in consequence of the water being so strongly 

impregnated with this salt. Both here and at Wicklow, 

the copper is obtained by immersing bars or any thin 

jjpieces of iron in the Uquid : after some months, when 

taken up, they appear to be converted into copper ; the 

pon being in great part dissolved, and replaced by a 

^^^jieposition of metaUic copper. When crystallized arti- 

Jficially it has a fine blue colour, is semi-trani^arent, 

y, vitreous, and very brittle. 

Brochantite is a sulphate of copper, of a bluish-green 
colour, insoluble in water, which has been foimd in Siberia. 
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14. SuLFHATB OF ZiNC (White vitriol ; Bockbntter) 
A wliite soluble salt wliich is produced by the deco: 

position of blende^ and principally in those parts of 
which have been abandoned. Its taste is nauseous 
styptic. When dissolTcd in water, if a small quantity 
potash be added^ a white gelatinous precipitate 

place. 

It is a substance much used in dying and in medi 

but is prepared artificially. 

15. Sulphate or Cobalt (Cobalt vitriol; Red vitrid). 
A soluble salt, distinguished by its red colour. It aiisei 

from natural decomposition of the sulphurets of cobat^ 
and is sometimes found to be dissolved in the water of 
mines where it occurs : this may be detected by adding 
any alkali to the solution, the liquid will become blue. 

16. Sulphate of Lead (Anglesite). 
The crystals of this mineral are generally rectangular 

octahedrons, variously modified, and cleavable parallel to 
the faces of a prism, very nearly the same as that of 
celestine. In its spedfic gravity, which is 62 to 6-3, and 
in its general appearance, it resembles the carbonate of 
lead, but is rather softer and less brilliant, and may always 
be distinguished from it by not eflfervesdng with any add. 

Sulphate of lead was first discovered in Anglesea, on 
cellular quartz : the best specimens are now obtained from 
Leadhills in Scotland, Baden, and Siberia. 

Cupretms sulphate of lead of a light blue colour hlas been 
found in small quantity at Leadhills : it is coloured by 
the copper it contains. 

17. Sulphate op Uranium. 

At Joachimstl^al, in Bohemia, an earthy yellow sub- ' 
stance has been observed, soluble in adds, and giving off 
water by calcination, which is the sulphate of uranium. 

In the same locality, a green sulphate occurs, which 
contains copper as well as uranium, and is soluble in 
water. 
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Family VI. — Chlorides. 
I. Genus, Chlorurets. 

1. Muriatic or Hydrochloric Acid is a compound 
of chlorine with hydrogen. It is often disengaged by 
volcanoes during eruptions, and particularly by Vesuvius, 
where it is produced in such abundance, that, uniting with 
aqueous vapour, and becoming condensed, it forms pools 
and rivulets of Hquid acid. It has a strong and pungent 
odour. 

2. Bock Salt (Common Salt; erroneously, Muriate of 
Soda). 

This important substance is very abundant in nature. 
It has a perfectly crystalline structure, and may be 
easily separated by cleavage, into cubes. It occurs also 
in groups of cubic crystals, which are seldom modified : it 
is rarely fibrous. Transparent salt is generally colourless; 
but it sometimes has a tinge of blue, violet, or rose colour. 
When stained by the intermixture of the clay which often 
lies above it, it has a dirty red colour. It consists of 
chlorine and sodium. 

Extensive beds of salt exist in many countries, particu- 
larly Poland and Hungary. The mine of WieUtzka, near 
Cracow, has been worked ever since 1251. There are 
three distinct beds of salt, of which the uppermost is 200 
feet below the surface; and the lower one about 800. 
The salt is extracted chiefly from the lower bed, which is 
much purer than the others. The excavations extend 
over a distance nearly two leagues and a half in length ; 
and consist of galleries and chambers of immense height, 
their roof supported by pillars of salt left for that purpose. 
There are ako three chapels in various parts of the mine, 
where, on certain days, mass is performed ; all the altars, 
statues, and other ornaments being carved in salt. 

Salt, in some countries forms considerable hills above 
the surface of the ground, as in Spain, where the town of 
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Caxdona stands at the foot of a rock of salt aboYC 800 
feet higli. It is quarried oat in the manner of building- 
stone, and is so pure that it requires only to be crushed to 
powder. In Moldavia, Persia, A£Pghanistan, and the North 
of Africa there are similar hills, which appear to be gene- 
rally on the borders of extensive desert plaii^. 

The springs which issue &om saline strata afford, in 
many countries, large quantities of salt, as at Droitwich, 
in Cheshire; Dieuze and Chateau Salins, in France; Schon- 
beck, in Magdeburg, &c. The greater part of the salt 
made in the United States is obtained in this manner. 

Salt lakes also are numerous in several parts of the'^ 
world; and the earth around them is generally impreg- 
nated with salt, which in the dry season appears on the 
surface in the form of an efflorescence. 

3. Sal Ammoniac (Salmiac). 

A soluble salt characterized by its sharp saline taste : it 
occurs in volcanic regions, in the form of a whitish crust 
or efflorescence; sometimes, but rarely, crystallized in 
octahedrons. It consists of chlorine and ammonia, and 
before the blowpipe is entirely volatilized. 

4. Stlvine, the chloride of potasium, has been observed 
in the salt mines of Salzburg. 

5 and 6, C^LOEURET OF Calcium and of Magnesium 
exist in the water of the seas and of salt lakes, with com- 
mon salt 

7m Horn Merguet (Chloruret of Mercury). 

This is the same substance as calomel, and occurs in 
small quantity in some quicksilver mines, either in small 
mammelUted masses, or modified square prisms, which 
are transparent, with an adamantine lustre. It is soft 
and waxy in, its texture : specific gravity 6*5 ; and before 
the blowpipe is entirely volatilized* 

8. Horn Silver (C.oi^neous Silver One; Kerargyre). 

This mineral is v«ry similar in appearance to the last 
species ; but the crystals, which bxb extremely rare, are 
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either simple, or witK the angles truncated. It 
small irregular masses of a grey or brownish colour, 
as a thin crust on other ores. It is translucent, 
d sectile, "with a specific gravity of about 5. 
the European silver mines it is rarely met with ; but 
e parts of Mexico and Peru it forms a large portion 
ores CBlledpacos and color ados , in which it is mixed 
earthy oxyde of iron, and penetrated by numerous 
'^^'l threads of metallic silver. 

"*^1. Cebasite (Chloruret of Lead; erroneously , Muriate 
^--Lead) . 

*®jk scarce mineral, first discovered in the Mendip hills ; 
^Pyte or yellowish, nearly opac^^ue and somewhat pearly; 
'^"Ipcific gravity 7. 

10. CoRNEoiTs Lead Ore (Chloro-carbonate of Lead). 
A transpaxent mineral dystalliring in sqnare prisms, 

h adamantine lustre, which has been found near Mat- 
and in Germany. Both this and the preceding species 
rare ; reducible with soda by the blowpipe. 

11. Atac AMITE (Chloruret of Copper). 

: In the desert of Atacama, between Chili and Peru, this 

^iubstance is found in the form of a dark green sand : the 

are crystallized more or less perfectly in rhombic 

risms ; and some are very brilliant and transparent. In 

^ Chili it is ground up and sold as sand for letters, undier 

the name of arsenillo. Mor^ recently it has been found 

in Saxony, massive. 





Family VII. — Iodides. 
Iodine, which is a simple substance or element, is not J 
found uncombined. "When obtained by art, it appears in 
the form of black shining particles resembling plumbago 
which, when heated in a closed tube, volatilize and becomi 
an amethyst-coloured vapour. 
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Iodine exists in combination with potassium and sodi- 
um, in the water of some mineral springs, as at Ashby-de- 
la-Zouche. 

Iodide of Mercury, of a brownish-red colour, has been 
observed with some other Mexican ores. When prepared 
artificially, and firee from all impurity, it forms a red pig- 
ment, far more brilliant than the common vermillion, but 
less permanent. 

Iodide of silver, also, has been brought from Mexico; 
of a yellowish- white colour, and lamellar. 

Iodide of zinc, from Silesia. 



Family VIII. — ^Bromides. 
Bromine, which, when obtained alone, is a dark brown 
liquid, is contained in some mineral springs, and in the 
water of the lake Asphaltites. 



Family IX. — Fluorides. 

The combinations of fluorine are few in number, and, 
excepting fluate of lime, are rare substances. 

1. Fluorspar (Fluate of lime; Fluoride of Calcium; 
Fluorite; Fluorine; Derbyshire spar). 

This mineral is widely distributed in nature, and offers 
considerable variety and beauty in its appearance. 

Its colours are generally bright; the crystallized fluor 
of Durham and Yorkshire is most frequently violet with 
a tinge of pale-green, and perfectly transparent : in Der- 
byshire, specimens have been raised of a fine clear topaz 
yellow, and also colourless, often enclosing minute parti- 
cles of copper pyrites, a miaeral which is very often found 
with it : the radiated fluor from the same neighbourhood 
is generally amethyst, or deep ii»<iiorn->»iiie. In Cornwall, 
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and likewise in Saxony, fluorspar of a bright green colour 
is often the chief veinstone of the copper ores: it is 
seldom light blue or rose coloured. 

' Muor is crystallized most commonly in cubes, either 
simple, or with the edges bevelled, or with a very low 
pjnramid on each face, (figs. 1 and 12). Its cleavages, how- 
ever, are parallel to the faces of the regular octahedron, 
which must, therefore, be regarded as its primary form, 
though octahedral crystals rarely occur. 

The specific gravity of fluorspar is 3*1 or 8*2; hardness 
4, scratching cidcspar with ease. When moderately 
heated, it becomes phosphorescent ; some varieties shin- 
ing with a purple, others with a blue, yellowish or green 
Hght : Chhrophane is a name given to a kind, that when 
heated, exhibits a brilliant green colour; this variety is 
found in Saxony. 

Kuorspar may be dissolved in sulphuric acid; by this 
process, the fluorine is disengaged ; a gaseous acid which 
has the power of corroding gla^, and even siliceous 
stones. 

Massive fluor with a coarsely fibrous or columnar struc- 
ture, is abundant in Derbyshire ; this is the kind chiefly 
used for making vases and other ornamental objects : it is 
generally turned in a lathe, but great care is requisite, on 
account of its brittleness. The colours are sometimes 
rendered more brilliant by heating the fluor. It has so 
much resemblance both in colour and structure to some 
varieties of amethyst, that these vases have often been 
sold under the denomination, root of amethyst 'i and it is 
conjectured that the celebrated Murrhine vases of an- 
tiquity were formed of the same substance. 

Blue John is a name given by the Derbyshire miners to 
massive fluor of an intense blue, which becomes viole' 
when moderately heated. 

2. Cryolite. 

This mineral, which has hitherto been found in Gref 
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land^ is generally of a pure white colour^ translucent, and 
cleavable into rectangular prisms : it is characterized by 
melting in the flame of a candle.* It is a fioate of 
alumina and soda. 

8. Fluatb op Cerium (Flucerine). 

A rare mineral which occurs at Brodbo in Sweden, in 
small irregular masses of a pale violet colour, opaque, and 
with very little lustre. Consists of Fluoric add and 
Cerium. 

Bariceriney which contains a larger proportion of cerium^ 
is of a yellowish colour imd crystalline structure. 

4. Yttrocerite 

Is another combination of cerium and fluoric acid^ with 
yttria and lime: its colour is grey, reddish or violet ; texture 
compact; scratches fluorspar. This also occurs only in 
Sweden. 



Family X. — Selenides. 

Selenium, which resembles sulphur in some of its pro- 
perties, is found in combination with a very small number 
of metals : they all have a metallic lustre ; and are cha- 
racterized by emitting, when heated, a strong smell of 
horse-radish. 

Clamthalite, the seleniuret of lead, is very much like 
galena : it occurs at Qausthal, in the Hartz. 

A variety, of a yellowish colour, contains also copper. 

Eukairite, composed of selenium, silver, and copper, is 
found disseminated in the calcareous rocks of Smoland, in 
Sweden. 

Seleniuret of silver and of zinc are said to hjive been 
found in very small quantity in Mexico. All these mine- 
rals are very rare. 



* lU name if derived from hruot, ice, in allnsion to thia piopertj. 
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Family XI. — ^Tellubides. 
Tellurium occurs in the native state^ and alloyed with 
otLer metals. 

Native Tellubium has a lamellar or granular struc- 
"ture and metallic lustre. It is white or very pale grey, 
and is said to be sometimes crystallized in hexagonal 
prisms. It is easily fiised, and volatilized by the blow- 
pipe, and differs £rom arsenic and selenium in emitting no 
odour when heated. When pure, its specific gravity is 
6*1, but it often contains a small quantity of other metals. 
Tellurium is found chiefly in Transylvania, where also 
most of its combinations occur, in little veins dispersed 
through the earthy depositories of galena, red silver ore, 
gold, &c. 



Tellububets. 

1. Gbaphic Tellubium (Graphic Gold; Sylvan). 
The crystals of this alloy, when perfect, are prisms of 

four or six sides, modified by smaller planes ; but they are 
always small, often acicular, and grouped together so as to 
present a resemblance to some oriental written characters. 
It is obtained at Nag-y-ag and at Offenbanya, where it 
is worked as an ore of gold, of which it contains 30 per 
cent., with 10 of silver, and 60 of tellurium. When fused 
by the blowpipe, the tellurium is volatilized, and a small 
globule of a pale yellow colour remains, which is a mixture 
of gold and silver. 

2. Tbllubic Silveb (White Tellurium ; Mullerine). 
This likewise contains both gold and silver; of the 

former 26 per cent ; but they are combined with lead as 
well as tellurium : crystals, which are very rare, are modi- 
fied rectangular laminse. This, like the preceding specie 
is sought for as a gold ore. 

3. Tellububet op Lead (Black Tellurium; Elasmo 
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Occurs in small lamellar crystals heaped confosedl^ 
together : it is of a dark grey colour^ and is often accom- 
panied by the rose manganese of Nag-y-ag. 

It contains a few per cent, of gold. 




Family XII. — ^Phosphoridks. 

The natural combinations of phosphorus are phosphates: 
the phosphoric acid is found combined with several of the 
earths^ and the oxydes of some other metals. 

Phosphates. 

1. Apatite (Phosphate of lime ; Phosphorite). 

This mineral so strongly resembles, in its appearance, 
several others, that it received its name from the Greek 
word, apatao, I deceive. It crystallizes in ^o* 5 8. 

hexagonal prisms, which are sometimes 
modified on the edges, or the angles, or 
on both. The crystals are vitreous, trans- 
parent or translucent, and sometimes very 
. bright : those which are of a bluish or green colour might 
easily be mistaken, at first sight, for beryls: some are 
colourless, violet, or lilac, and if not distinctly crystallized, 
appear extremely like fluorspar. Apatite, however, is 
harder than fluorspar, and is not cleavable, but breaks 
with a conchoidal fracture : on the other hand, it is less 
hard than beryl, being No. 5. in the scale of hardness, and 
heavier, — specific gravity 3'1 : it is soluble in nitric acid; 
and becomes phosphorescent when heated. 

Asparagus storie is apatite of a greenish-yellow colour, 
from Tyrol, where the crystals are embedded in talc. 

Moroooite is a name given to bluish-green crystals from 
Arendahl, in Norway. 

Phosphorite is opaque, and white or yellowish white : 
when broken it shews a sort of feathery structure, and 
numerous small cavities. This variety is massive, and at 
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Xiogrosso, in Estramadura^ forms entire hills ; it is there 
used as a building stone. In Hungary, phosphorite occurs 
of a loose earthy texture. 

Apatite is a scarce mineral in England : small crystals 
have been found in decomposing granite near St. Austle, 
in Cornwall j and fine groups, of a larger size, with tour- 
malines, near Chudleigh, Devonshire. Fine specimens 
are obtained from the metalliferous veins of Bohemia, 
Moravia, and Saxony, and from the rocks of St. Gothard. 
2. Wavbllite (Hydrargillite) 

Occurs in small globular or semi-globular masses, sel- 
dom exceeding half, or three quarters of an inch in width, 
attached to the surface of slate No. 59. 

and other rocks. They consist 
of minute crystals diverging 
from a centre, and when bro- 
ken, exhibit this radiated struc- 
ture, and a bright glassy lustre. 
The colour is most frequently greyish or greenish- white, 
but it has been found in Scotland of a dark green colour. 
Wavellite is a phosphate of alumina combined with 
water and a very small quantity of the fliuate of alumina. 
It was first discovered near Barnstaple, in Devonshire, 
by Dr. Wavel, and it occurs in a similar situation at Dum- 
barton, and near Cork. It is found also at Freiberg in 
Saxony, in Bavaria, and at several places in the United 
States. 
3. Blvesfab (Azunte; Klaprothine). 
This mineral has been confounded with lapis lazuli : but 
the blue colour inclines less to purple, its specific gravity 
is 3, and it is infusible, losing it colour however before the 
blowpipe. It is a phosphate of alumina and magnesia 
and is found principally in Styria, embedded in micace 
and quartz roeks. 

The Turqtcoise, to which fashion has attached so hi 
value, appears to be nearly the same substance in < 

7* 
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position as blaespar^ except that it eontaiiis a very small 
quantity of copper^ to which it owes its greenish-blae 
colour. It occurs in small reniform masses^ embedded in 
veins which traverse a mountainous district of E^orassan, 
near Nishapur and Firozkuh ; also in rolled pebbles.* 

4. Waonerite^ a fluo-phosphate of magnesia^ occurs 
at Salzburg^ in yellowish or greyish- white oblique prisms: 
about as hard as apatite : rare. 

Phosphates of Iron. 

5. ViVIANITE. 

When crystallized it is perfectly transparent, vitreous, 
or somewhat pearly, and of a deep blue colour. 

The crystals are oblique prisms, variously modified, and 
easily cleavable in one direction, parallel to their axis. It 
is tender, and scratched with ease by calcspar; specific 
gravity 2*66. It sometimes forms radiated nodules, and 
occurs also in opaque earthy masses, resembling lumps of 
common indigo. 

Vivianite consists of phosphoric acid 81'18, protoxyde 
of iron 41-23, and water 27*49. When pulverized, it may 
be fused into a scoria attractable by the magnet. 

This mineral was first discovered in Cornwall, and has 
since been found at Bodenmais in Bavaria, in Transyl- 
vania, and the United States. 

Anglarite, of a leek-green colour, contains less phos- 
phoric acid than vivianite; it has been observed at 
Limoges. 

Kakoxeney a phosphate of iron with alumina and silica, 
is a mineral of a bright straw-yellow colour, which occurs 
in radiated tufts of silky fibres in iron ore, in Bohemia. 

Triphylline, Triplite and Hureaulite are phosphates of 

* In the South of France, and some other countries, semi-fossil ivoty and 
bones are found, coloured by phosphate of iron, which resemble the oriental 
turquoise in colour and hardness : but when burnt, they exhale a foetid amell of 
animal matter, and are said to lose" their colour by exposure to damp. This is 
called by jewellers turquoise de nouvelle roche ; the other, turquoise de vieiUe 
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ix*on and manganese^ which are disseminated in small 
ciystals in the rocks of Limousin. 

6. Phosphate of Copper. 

There are two kinds of this mineral;one has been found 
in. Cornwall and at Libethen^ in Hungary, in small cry- 
stals of an intense green colour, which are rectangular 
oetahedrons; they are generally bright, and sometimes 
qiiite black externally, but the powder is a clear bright 
green. 

Pseudomalachite, the phosphate of Rheinbreitherch, has 
tlie same dark green colour; but it forms radiated masses, 
and incrustations of slender prismatic crystals, closely 
pressed together. Both a£fbrd water by calcination. 

7. Pyromorphitb (Phosphate of lead). 

A beautiful mineral which occurs in the lead mines of 
various countries, though not abundantly. Its colour 
varies from bright grass-green to yellow, orange, brown, 
and sometimes a dull violet. It occurs in clusters of hex- 
agonal prisms, occasionally terminated at each end by a 
low pyramid, or modified as No. 58, p. 128 ; or as an in- 
crustation resembling moss. The crystals have generally 
a greasy lustre, but are sometimes very brilliant; and 
mostly translucent : specific gravity 7. 

Pyromorphite undergoes a change by fusion, which is 
peculiar to it: the melted globule in cooling becomes 
angular, and assumes a polyhedral form. 

Most specimens contain 9 or 10 per cent, of the chlo- 
ruret of lead; sometimes, arseniate; and those of an orange 
colour, some chromate of lead. Fine specimens are obtained 
from the lead mines of Durham, of Leadhills, Brittany, the 
Hartz and other European localities: besides several places 
in the United States, particularly the Perkiomen lead mine 
near Philadelphia. 

8. XJranitb (Phosphate of Uranium; Uran mica). 
The lamellar structure of this mineral, somewhat 

sembling mica, joined to its brilliant yellow or g 



132 ABSSNIC — ^ABSENIURETS. 

colour^ distingaislies it from all others. When crTstal- 
Uxed, it appears in square or octagonal tables^ sometimeB 
modified by narrow planes on the edges of the base. The 
yellow uranite consists of phosphate of uranimn and lime, 
with 15 per cent, of water : in the green uranite (Chalko- 
lite)^ of which splendid specimens are obtained firom scmie 
of the tin and copper mines of Cornwall, the lime is re- 
placed by^copper: it is found also in Saxony and Bo- 
hemia. 



Family XIII. — ^Absenidbs. 
Arsenic is found in the metallic state, both alone^ and 
forming alloys, which are arseniurets. Its oxyde^ also^ pro- 
ducing several arseniates ; but the greater part of all these 
species are scarce and unimportant substances. 



I< Genus, Absenic. 

When freshly broken^ arsenic is nearly white, with a 
bright metallic lustre; but after being exposed for a sh^t 
time to the air, it becomes very dark grey, in consequence 
of tarnishing. It is brittle, and when struck produces a 
ringing sound. It is almost entirely volatile by heat, 
giving off a strong odour of garlic. 

Native arsenic is found in many of the localities of 
nickel and cobalt ores ; and in Norway, crystallized beryls 
are sometimes embedded in it. 



11. Genus, ABSENitiRETs^ 
1. Smaltine (Tin white Cobalt; Arsenical cobalt). 
Its crystallizations are the same as those of Galena, and 
do not exhibit the dodecahedral modifications of cobalt 
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glance^ from which it is farther distinguithed by its pale 
grey colour : the faces of the crystals are generally convex 
and intersected by irregular cracks : it is also massive^ and 
retici:dated* 

It consists essentially of arsenic and cobalt^ the quan- 
til7 of the latter varying from 18 to 26 per cent. A great 
part of the smalt of commerce is manufactured from this 
ore^ which is obtained abundantly in Saxony and Bohemia; 
it is met with also in several other parts of Europe, but in 
less quantity. 

2. KuFFEENicKBL (Arscnical Nickel). 

A metallic substance of a reddish colour and rather 
brittle, which is found in many of the localities of the 
cobalt ores. Its solution in nitric acid is green, but be- 
comes violet blue by the addition of ammonia. Specific 
grayity 7- to 7-6. 

Erom this ore is obtained the nickel used for chemical 
preparations, and in the different alloys called German 
silver and nickel silver ; some of these contain 25 per cent 
of nickel, combined with zinc and copper. The wfiiie 
copper of the Chinese is a similar alloy, containing 31 per 
cent of nickel. 

3. Arsenical Silver is distinguished from native silver 
by its brittleness, and the arsenical fumes when heated : 
it occurs in the Hartz. 

4 and 5. Arsenical Antimony occurs in Dauphin^ and 
the Hartz: Arsenical Bismuth, in the silver mines of 
Schneeberg : both are rare. 



III. Oenus, Oxtde of Arsenic 
White Arsenic (Arsenious acid; Arsenic bloom). 
This is the same subtance as the arsenic of the shops, 
and is found either in the form of a white powder, or ir 



J 
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small compact masses; yery rarely^ crystallized in octa- 
hedrons and tetrahedrons. 

It has been thought to be a result of artificial heat^ in 
consequence of refining operations carried on in the mines; 
or of some natural confiagration that has occurred in 
them. 



IV. Genus, Arseniates. 

1. Arseniate of Lime (PharmacoUte). 

When pure, this substance is white, but it is often of a 
rose colour, from a mixture of arseniate of cobalt ; occurs 
in delicate adcular crystals aggregated in small parcels; 
or small hexagonal prisms. It is distinguished from the 
preceding substance by not being wholly volatile. 

2. Arseniate of Cobalt (Erythrine). 

Of a crimson, or rose colour, approaching to violet; 
sometimes crystallized in oblique prisms, but oftener in 
small masses of a botryoidal form, with a fibrous structure. 
It is found with ores of cobalt, and with arsenical minerak. 

3. Nickel Ochre. 

The arseniate of nickel is of a green colour, pulverulent, 
or in delicate filaments: it often accompanies Knpfer- 
nickel. 

4. Arseniate of Lead (Mimetese). 

It takes the same forms as the phosphate of lead, but 
the prisms are often swelled in the middle, so. as to have 
something of a barrel shape : colour, generally pale yellow- 
brown, and lustre often silky. It is found in Cornwall 
and some other mining districts. 

Arseniate of Copper. 

There are several species of this ore, which resemble 
each other in giving off alliaceous fumes when heated, 
and, if dissolved in nitric acid, depositing copper on 
any piece of iron dipped into it. Hardness, in general, 
^to4. 
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5. CopfEB HiGA (Erinite) occurs in thin transparent 
crystals resembling lamiuee of mica, whicli are hexagonal 
Euid of a deep emerald-green. It contaius 59 per cent, of 
oxyde of copper, with arsenioua acid, and water, 

6. XiiRocoNiTE (Lenticular copper ore). 

In general, it is easily distinguished by its light green- 
ish-tlue colour, and the form of its crystals, which are 
rectangular octahedrons, very obtuse, sometimes with the 
edges truncated. This species contains 35 per cent, of 
■water. 

7- Oliten Ore (Right prismatic arseniate). 
The colour of this mineral is yellowish or olive-gi'een of 
various shades: crystals are sometimes nearly black; they 
occur in little tults on quartz, or as a velvety coating. 

Wood copper, is a name given to specimens of this ore, 
which have a fine fibrous texture, and brownish colour : 
some of theae are very soft, and may be reduced to powder 
by the fingers. 

8. Tkibedral Oltven Or£ (Aphaliesite) 
Kesembles the preceding species in its general appear- 
ance; but the crystals are derived from. an oiZt^u^ prism, 
and most usually their trihedral points only, are visible. 

All these species are found in some or other of the 
Cornish mines : Liroconite appears to be peculiar to 
them. 

Copper froth, is said to contain 13 per cent, of carbonate 
of lime. Ettchroiie, of a fine green colour, and Condurrite 
of a brownish-black, are also arseniates of copper. 

Arseniates of Iron. 

9. Cube Ore (Pharmacosiderite) 
Occurs in very small cubic crystals 

colour, and usually with bright faces 
have the alternate angles truncated, 1 
boracite (No. 46. p. 76). From the n 
Prance, and Saxony, where it is found 
tite and copper ores. 
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Skorodite*, in minute^ bluish^ transparent crystals from 
the same localities; it contains less water than the pre- 
ceding species. 



Second Class. 

Leucolttes. 
The elements which are the types of families in this 
class^ are susceptible of forming colourless solutions. 



Family I. — Aluminides. 

The earth alumina occurs uncombined, and also as the 
mineralizing element of spinel^ and some few other sub* 
stances. 

1. Sapphiee. 

This beautiful gem^ which^ next to the diamond^ is tiie I 
hardest substance in nature^ is pure alumina. It crystal- 
lizes in forms belonging to the ihombohedral series; 
generally hexagonal prisms and double pyramids^ and 
presenting few additional planes. The primary rhombo- 
hedron, which is very slightly acute, may sometimes be 
obtained by cleavage; but sapphire being very tenacious, 
as well as hard^ it often breaks with a conchoidal firactore. 
Its specific gravity is 3*9 to 4'1. 

The most usual colours of the sapphire are blue and 
bluish-grey; when it is of a clear rose or crimson colour, 
it is called oriental ruby; when yellow, oriental topaz; if 
purple, oriental amethyst ; and if green, oriental aquama- 
rine or chrysolite, according to the tint ; but it is easily 
distinguished from all the stones whose names it bears, by 
its great hardness and weight. The term oriental, it lawst 
be observed, is usually applied in jewellery, to the hardest 

• Shorodon, gailic 
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xnd most valuable Muds of gems^ without regard to their 
diemical nature. 

Some sapphires^ when polished with a rounded surface 
at right angles to the axis of the crystal, exhibit a lumi- 
ELOos chatoyant star of six rays, and are called asierias; 
this appearance occurs oftener iu the blue and white, 
tlian in the other varieties, and is quite independent of 
their degree of transparency ; some asterias being perfect- 
ly transparent, and others faintly translucent. 

Corundum is a less pure variety of the same substance, 
containing a small amount of oxyde of ^^ g^ 
iron and some silica. Crystals of corun- 
dum, similar to those of sapphire, are found 
of a large size; but the faces are often very 
irregular, and rarely smooth and bright as 
in most hard crystalline minerals. It is 
more easily cleavable than the sapphire; 
and generally of a dark grey colour. 

Emery is corundum in a granular form, 
and of a dark iron-grey or brownish colour. 
Some bluish varieties, translucent and compact, have been 
called diamond spar, or adamantine spar. 

The finest blue sapphires are brought from Ceylon, 
where they are found, more or less rounded, in the sand 
of certain localities with hyacinths : the best oriental ru- 
bies come from the Capelan mountains near Syriam, in 
the kingdom of Ava. Corundum, both crystallized and 
in irregular masses, is found embedded in granite in vari- 
ous parts of India and China : beautiful crystals also of a 
dear blue and rose colour are sometimes obtained from 
the dolomite rocks of Mount St. Gothard. 

Emery is found in many countries, generally in scat- 
tered masses which appear to have been brought from a 
distance and worn away by the action of water : in this 
condition it occurs in Jersey, the Islands of the Grecian 
Archipelago, and Eastern Prussia. It is much employed 
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in the form of powder^ for polisliing the surface of meta^l 
and glass^ and catting the softer precious stones^ such ai^ 
the emerald and amethyst. 

2. GiBBSiTE (Hydrate of alumina) . 

A white or greenish mineral occurring in stalactitic and 
mammeUated forms^ of a white or greenish colour : it con- 
sists of 64*8 alumina^ and 34*7 water^ thus bearing the 
same relation to corundum^ as opal to quartz. Found ib 
iron ore in Massachusetts. 

Diattpcre contains less water^ and occurs in slender and 
brilliant greenish prisms^ embedded in the limestone of the 
Ural Moimtains. Wavellite was at first confounded with 
this substance and received the same name^ before its com- 
position was known. 



Aluminates. 

1. Spinel (Spinel ruby; Balas ruby). 

The spinel ruby differs considerably from the red sap- 
phire, or oriental ruby: it crystallizes in octahedrons, 
which are sometimes modified (figs. 5 and 10), and often 
macled (No. 19, p. 11). It is rather less hard than the 
sapphire, but scratches topaz ; specific gravity 8 7. Con- 
sists principally of alumina combined with magnesia. 

The fine red colour for which the ruby is esteemed, ia 
derived from a small quantity of chromic acid ; but spinels 
are often colourless, yellowish, pale green and blue, and 
dark violet and brown : the light colours are transparent, 
the dark ones nearly opaque. 

Jewellers give the name spinel generally to those stones 
which have a colour approaching to scarlet ; they call the 
paler ones, balas ruby; and those which incline to an 
orange tint, they denominate rubicelle. 

The crystals of spinel occur with those of sapphire and 
hyacinth, in the beds of streams, among sand and pebbles 
which appear to be the debris of granitic and micaceous 
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■ocks^ principally in Ceylon; where also they are met 
with embedded in granular limestone. 

The Balas rabies were brought formerly from the pro- 
mice of Balachan^ inUsbecTartary, where they were found 
)f great beauty and value : Marco Polo iKiakes mention of 
hem and says^ that the rabies of Balachan were mono- 
>oUzed by the Sovereign, who, in order to enhance their 
srice, prohibited the working of the mines. 

Pleonaste or Ceylanite, in small black brilliant octahedral 
crystals, is abundant in some of the micaceous rocks 
gected from Vesuvius : a variety of a brown colour and 
veithout lustre is foimd at Laach, on the Rhine. Pleo- 
oaste contains from 16 to 20 per cent of oxyde of iron. 

Automoliie resembles spinel in hardness and crystalliza- 
tion ; but the magnesia is replaced by oxyde of zinc. It 
has a higher specific gravity, 4*6, and its colour is gene- 
rally dark iron grey. At present it is found only in 
Sweden and New Jersey. 

2. Plomboomme (Aluminate of lead). 

A substance consisting chiefly of alumina, lead, and 
water, which has the appearance of yellowish gum, but 
scratches fluorspar. It occurs in some lead mines of 
Huelgoat, in Brittany. 



Family II. — Magnesides. 

Brucite (Hydrate of Magnesia). 

This mineral resembles in its appearance the most 
beautiful varieties of white pearly talc, but as it consists 
wholly of magnesia and water, it is entirely soluble in the 
acids, without effervescence : this character distinguishes 
it also from the transparent lamellar gypsum. 

It has been found in serpentine, in New Jersey; and 
Unst, one of the Shetland Isles. 
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Family HI. — Stannides. 

Tin is not found in the metallic state. 

Oxydes. 

Tinstone (Cassiterite). 

The oxyde of tin is its cUef ore^ and the one from whidi 
all the tin used in the arts and manufactures is obtained. 

When pure, it is colourless and transparent : but it is 
much oftener brown, sometimes black, no. 61. 

from the oxyde of iron it generally con- 
tains. The crystals are derived from a 
square prism; figs. 20, 23, 24, are the 
most common; a macle or twin crystal of 
fig. 20 also occurs frequently, as here represented, and 
a similar combination of fig. 23. In hardness it is al- 
most equal to quartz, scratching glass and felspar; and 
when scratched or pulverized, the streak and powder are 
always white. Its specific gravity is 6*5 to 7, which ^ 
nearly as high as that of metallic tin. ; 

Tinstone is sometimes massive and granular; in tiie 
latter case, it is much intermixed with quartz, the usual 
veinstone of tin ore ; crystals of tourmaline, apatite, fluor 
spar, and topaz are also found in tin veins : the latter, par- 
ticularly in Saxony, and occasionally^in Cornwall : chlorite 
also is abundant in tin veins. 

Stream tin consists of roUed fragments of tinstone, and 
grains of various sizes intermixed with bits of rock, sand, 
and pebbles, in the beds of streams and other low grounds. 
This ore is collected for smelting; and being separated 
from the earthy matter with which it is intermixed by 
washing in a stream of water, the places where this opera- * 
tion is carried on, are called stream works, and the ore 
itself, stream-tin. In some of these localities, grains of 
gold are found mixed with the tin. 

Wood tin is the same substance occurring in pebbles or 
nodules, with a compact fi^ ^"nicture, generally of a 
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Lght brown colour and variegated with dark and yellowish 
loncentric bands : those which exhibit dark spots or rings 
>n the surface are sometimes called toad^s-eye^tin. 

Tinstone is an ore found in many parts of the globe, 
h)ixt there are few in which it exists in great quantity. 
riie Cornish mines are by far the most productive in 
Europe, affordiug probably ten times as much as all the 
otters. They were explored and worked by the ancient 
inliabitants of Britain, who traded in this ore with the 
PtcBnicians, afterwards with the Greeks established at 
Marseilles, and still more lately with the Romans, who 
took much trouble to find out whence their predecessors 
had obtained tin. 

Next to Cornwall, the greatest quantity of tin is ob- 
tained from the mines of Malacca and the Island of Banca: 
and in Europe, principally in Bohemia and Saxony, whence 
some of the finest crystaUized specimens are obtained. 

The uses of tin are numerous : the ease with which it 
may be alloyed with other metals, or spread thinly over 
them; its brightness, ductiUty, and the important property 
of not rustiQg by exposure to the air, or by the contact 
of liquids, renders it highly advantageous as a coating for 
various kinds of vessels, particularly those employed in 
cooking: copper vessels thus coated were sometimes used 
by the Romans, as we learn from Pliny, though they 
were by no means common. 

Tin is requisite in the preparation of a fine scarlet dye, 
and some of the crimson and purple colours used in glass 
staining. 



Family IV. — Hydrargyrides. 

1. Native Mercury (Quicksilver). 

Globules of this metal are often attached to masses of 
cinnabar, and it is found occasionally in larger quantity 
in cavities of the veins. Sometimes it is disperse 
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through the cinnabar^ and oozes from it on being gently 
heated. 

The appearance of metallic mercury is well known; its 
property of remaining fluid at ordinary temperatures dis- 
tinguishes it frt)m all other metals^ which are rendered 
liquid only by the application of heat. Mercury, therefore, 
to become solid, must be exposed to a degree of cold &r 
greater than that which we experience in this climate; at 
39^ below zero of Fahrenheit it becomes solid, and is then 
malleable. 

Mercury unites readily with several other metals, for 
which reason it is used in the extraction of go^d, and 
sometimes of sUver, from their ores. The recent dis- 
cover of cinnabar in Upper California will therefore be 
eminently usefiil in that region; and fluid m^-cwry viDj 
probably be found with it, as well as in other parts o^ 
Mexico. With tin it forms the amalgam or silvering for 
the backs of mirrors. In the native state it is sometimes 
combined with a small quantity of silver. 

2. Native Amalgam (Argentiferous Mercury). 

In appearance, it exactly resembles silver, crystaUifingi 
in some of the same forms (figs. 3 and 9), but with little 
lustre. It is softer than silver, and much heavier; specific 
gravity 14. This also is found with cinnabar, but is a rare 
substance. 



Family V. — ^Abotrides. 

1. Native Silver. 

Like the silver of commerce, this j^^^ 52. 

is a white malleable metal, rather 
harder than gold, with a specific 
gravity of 10*3, to 10-5 : it is equally 
liable to become tarnished, and it hap- 
pens sometimes that in consequence 
•^f cavities in the veins, or from the 
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silyer lying near the surface of the earthy it is somewhat 
tarnished in the mine: the streak however is always silver- 
white. Its crystals belong to the cubic series^ and are most 
frequently octahedral^ but without any trace of cleavage. 
The crystals are frequently grouped in rows, crossing each 
other at right angles, not unlike the branches of some 
kinds of fir tree. It often occurs in wiry filaments and 
moss-like tufts, less commonly in leaves or plates; and 
sometimes in solid masses of great size, both in Europe 
and America. The silver mines of Kongsberg in Norway, 
have produced blocks weighing 5001b. and upwards : and 
at Schneeberg in Saxony, a large and rich vein was dis- 
covered in 1478, and a block was cut from it, chiefly of 
metal, of such size, that Duke Albert of Saxony descended 
into the mine and made use of it as a dining table : it was 
afterwards smelted, and produced 44,0001b. of silver. In 
the United States, silver is found associated with native 
copper, in the mines of Lake Superior, and often pene- 
'trating it ; and in Mexico and Peru it is frequently inter- 
mixed, in the form of small particles and fine threads, 
with the chloruret of silver and iron ochre. Quartz and 
calcspar are the earthy minerals most frequently found 
•with it. 

Native silver has been obtained from some of the Corn- 
^'ish mines, but in very small quantity : indeed there seem 
to be few countries in which this metal, or some of its 
ores, is not met with. A good deal was, at one time, raised 
in Scotland and coined : and there are mines in France 
which still yield a considerable quantity. In the plain 
called the Pampa de Navar, filaments of silver are often 
found adhering to the roots of the grass. The silver ores 
of Soiith America, however, are said to be in general far 
,» less rich in metal than those o£ Europe ; and are more 
I productive, only because they exist there in larger quan- 
tity, and are more extensively worked* 



OF LEAD— ANTIMONY. 

Fahiiy VI. — Flumbides. 

Native Lead. 

A substance of rare occurrence. It has been observed 
in small grains and lamintc in some volcanic products, and 
also, it is said, in specimens of galena from Alston Moor. 
It may be distinguished by its softness and sectility &om 
the galena, which is hard and brittle. 
OzTDEs or Lead. 

1. MiNiCM {Red Oxyde of Lead), 
A red substance, occurring in the form of powder in 

some veins of galena and calamine. It is the same sub- 
stance as the red lead used in painting : but for this and 
other purposes, it is prepared artificially. 

2. Yellow Oxyde op Lead (Native litharge). 

This lead ore, which ia less osydized than the preceding 
species, occurs sometimes as a powder, sometimeB in solid 
masses, not unlike yellow jasper ; its great weight distin- 
guishes it &om all minerals which otherwise r^emble it. < 



Family VII. — Antimonides. 

Native Antimony. 

A metal of silver-white colour and brilliant lustre^ 

which is found in small masses, with some arsenictd and 

antimonial ores, as in Dauphin^, aud the Hartz. It ma; 

be distinguished from native silver, by its octahedral 

cleavage, though it does not crystallize ; and by evaporat- 

ilowpipe in white fiimes. 

Antihondbet. 
Silver (Uiscrase). 

ather brittle : distinguished from the pre- 
ling a globule of silver by the blowpipe. 

OzYDKs or Antimony, 
jtimony {White oxyde of Antimony) 
01 lamellar masses, with a perfect rectangu- 
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lor deavage. It is sometimes yellowish-wliite^ and has a 
somewhat pearly lustre : soft and extremely fragile : spe- 
cific gravity 5*57: fusible in the flame of a candle. It is 
found in very small quantity with other ores of anti- 
mony. 

Earthy white antimony is the same oxyde combined 
with water, which occurs as a powder on the grey an- 
timony ore. 

2. Bed Antimony Ore (Kermes). 

A compound of the oxyde and sulphuret of antimony, 
which has a dull crimson colour. It forms tufts of deli- 
cate acicular crystals, sometimes radiating, sometimes in- 
terlaced, and as fine as hairs. It is scratched by almost 
all other minerals. It is at present a scarce substance^ 
met with occasionally on the surface of grey antimony 
ore, and among the ores of arsenic ; but which, if found 
abundantly, would be a profitable mineral. 



Family VIII. — Zincides. 

The principal ores of zinc have been described in the 
feanilies carbonate^ sviphuret, &c., to which they belong. 
It is never found in a metallic state: but we are ac- 
quainted with an oxyde which is now wrought as a zinc 
ore. 

Spartalitb (Red Oxyde of Zinc). 

It occurs in lamellar masses and grains of a fine deep 
red colour, and brilliant lustre; strongly translucent ; or, 
in thin fragments, transparent. Hardness between 4 and 
5, scratching red copper and red silver ore. With borax 
it fuses to a yeUow transparent glass. 

Spartalite is found embedded in iron ore at Sparta, New 
Jersey, and at Franklin in the same State. 



8 
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Family IX. — ^Bismuthides. 

This family contains only natiye bismuth and the oxyde 
of bismuth. 

Native Bismuth. 

A metal of a reddish-white colour^ lamellar and deava- 
ble parallel to the planes of the octahedron: sometimes it 
appears in the form of a crystalline arborescence ; specific 
gravity 9*7. When heated by the blowpipe, bismuth eva- 
porates, and is converted into an oxyde which is deposited 
as a yellow powder on the charcoal. 

It is not a very abundant metal j but a quantity sufficient 
for the few purposes to which it is applied, is obtained 
from the mines of Saxony and Bohemia, where it is found 
principally in the veins that afford red silver and cobalt 
ores. It has been met with in some of the Comisli mines, 
but in very small quantity. 

Bismuth has been sometimes employed in the fabrica- 
tion of type metal; but one of its principal uses is in 
making solder; being fusible at a lower heat than any 
other metal, it imparts this property to its alloys. Tea- 
spoons made of a compound of 8 parts of bismuth, 5 of 
lead, and 8 of tin, wiU melt on boiling water being poured 
on them. 

Oxyde ov Bismuth. 

Bismuth Ochee 

Occurs in the form of a yellow powder in the localities 
of native bismuth. 



Third Class. 

Chroicolytes. 
The types of this dass are soUd and metallic substances, 
all of which are capable of forming coloured solutions in 
acids. 
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Family I. — Titanides. 
IVf etallic titanium is not ascertained to exist in nature; 
it lias been found in iron slags, and old blast fomaces, in 
tlie form of small cubes of a bright copper colour. 

OXTfDES. 

1. RuTiLB (Titanite; Oxyde of Titanium). 
Generally of a dark cherry-red ; when it contains iron, 
passing to brown, with a sub-metalhc lustre ; No^ 68. 
but the purer varieties are of a bright red, 
and transparent. Its crystals are right prisms 
of eight or twelve sides, seldom with perfect 
terminations j jointed crystals sometimes oc 
cur, composed of two or three of these. 

It is brittle, about as hard as felspar; and the specific 
gravity 4*25, which, together with its distinct lateral 
cleavage, will distinguish it &om red-schorl, and some 
other minerals. 

Butile is found embedded in granite and other similar 
rocks, and particularly in the quartz veins which traverse 
them; its slender prisms penetrating the crystals in all 
directions : specimens of rock crystal enclosing parallel 
fibres of this ore have, when polished, a beautiful appear- 
ance, and have been sold under the designation of Vemt^ 
Hair. 

Fine specimen;? are obtained from many parts of the 
Alps, from Spain, Norway, and North America. In 
Brazil and Ceylon, roUed fragments are found in the 
sand with the sapphires and zircons. 

Brookite has the same colour as rutUe, but* appears to 
crystallize in oblique rhombic prisms or tables: it has 
been found in Dauphine, and in the rock crystal of 
Snowdon, where it was first observed. 
2. Anatase (Octahedrite). 

This also is an oxyde of titanium. It is found only i 
small crystals, whidi are acute square octahedrons, of 
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dark violet colour, or nearly black ; translucent, and ex- 
tremely brilliant. It is scarcely so Jiard as rutile. Daa- 
pbin^ and tbe Pyrenees afford good specimens of anatase, 
intermixed with chlorite and adularia. 

TiTANATES. 

1. NiORiNE (Iserine; Menaccanite; Titaniferous iron 
sand). 

This is a combination of iron with titanic acid, which 
occurs in the form of black grains or sand. In Cornwall 
it was found in the Valley of Menaccan, whence the name 
Menaccanite^ and in this substance the metal titanium 
was first discovered. It is met with in the beds of 
streams in many countries, and disseminated in various 
serpentine rocks, and others of igneous origin, sometimes 
in minute octahedral crystals. 

Emenite, which occurs in somewhat larger masses in the 
Urals near Minsk, is thought to be the same substance. 

Crichtonite is another rare variety, fipom the Alps. 

Pyrochlore, containing cerium and uranium, and Pob/- 
mignite containing yttria and zirconia, combined with the 
oxyde of titanium, are rare substances, embedded in the 
zircon syenite of Norway. 

2. Sphene (Siliceo-titanate of lime; Spinthere; logu- 
rite). 

The transparent crystals of this mineral are often of a 
bright yellow-green colour, and so brilliant that they 
might well pass for some kind of gem : the opaque ones 
are dark reddish brown, ard, at first sight, not unlike 
zircons : they are derived however from a very oblique 
rhombic prism, often presenting numerous modifications 
which are difficult to distinguish. The name is from 
spheUy the greek for a wedge, in reference to their form. 
Many localities in the Alps afford good specimens ; parti- 
cularly, fissures in the granite and other rocks. 
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Family II. — ^Tantalides. 
The few minerals in whieli tantalum is combined^ are 
very rare : they have been fonnd very sparingly in the 
granitic rocks near FaUun in Sweden ; the tantalite also 
in Connecticut^ and Baierine in Bavaria. 
1. Tantalite (Columbite). 

A black substance with scarcely any metallic lustre^ 
about as hard as felspar^ which occurs in small masses 
and imperfect prismatic crystals. The metal tantalum 
was discovered in an American specimen, and at first re- 
ceived the name of Columbium : it was found to consist 
of 83 per cent, of the oxyde of this metal, with 17 of the 
oxydes of iron and manganese : it sometimes contains some 
oxyde of tin. 

Baierine contains a larger proportion of iron, and crys- 
tallizes in rectangular prisms. 

Yttrotantalite, or Yttrocolumbite^ is chiefly a tantalate of 
yttria; of a greenish or brownish black, and when pow- 
dered, grey: becoming yellow before the blowpipe, and 
afker some time, white; less hard than the preceding. 



Family III. — ^Tungstides. 

The metal Tungsten or Scheelium (so named from the 
chemist, Scheele, its discoverer,) exists only as an oxyde, 
either alone, or forming tungstates. 

Tungstic Ochre ; or timgstic acid, is a bright yellow 
powder which is found sometimes on the surface of Wol- 
fram, or fiUing small cavities. Insoluble, and producing 
with the salt of phosphorus, a blue glass ; thus differing in 
chemical characters from any similar mineral. 

Tungstates. 

1. Wolfram (Tungstate of Iron and Manganese). 

A dark brown mineral with semi-metallic lustre. 



150 TUNGSTAn OF LUCV CHBOMIDES. 

f(»*dmg distinct and brilliant deavages parallel to a 
rhomboidal prism. It has a good deal of resemblance 
bronzite and to nncrystalUxed blende; bnt its high 
gravity^ 7'B, distinguishes it from both. 

It is eommcm in many ci the Cornish mines, and otihar J 
metalliferoas districts; bnt is of no use, except to affivnA 
the tungstic add, which is prepared for laborat(»ries^ and 
of which it contains about 78 per cent. 

2. TuNOSTATB OF LiMs (SchceHte) 

Crystallizes in square octahedrons, both obtuse and 
acute, often modified by additional planes : tranducent, 
and generally white. Specific gravity 6. It occurs m 
some tin mines, but rarely in Cornwall; and in Connecticmt^ 
with bismuth. 

3. TuNOSTATE OF Lead is a scarce mineral, of a greenish 
colour, which has been found in the tin mines of Bohemia. 



Family IV. — Molybuides. 
MoLYBDic Ochre (Oityde of Molybdenimi) 
Occurs as a yellow powder thinly covering the sulphuret 
of this metal; melted with the salt of phosphorus, it pro- 
duces immediately a green glass. 

MOLYBDATE OF LeAD 

Crystallizes in square octahedrons, or yery short prisms 
of 4 or 6 sides^ of a dull yellow colour, and translucent, 
which contain 64 per cent, of oxyde of lead. Its chief 
locality is the Bleiberg (lead mountain), in Carinthia, 
which affords great variety and fine specimens of the ores 
of lead. 



Family V. — Chromiues. 
V^Wtt^ » ttOt found in the metallic state : its oxyde is 
Jk pvo^^H^^ty «ub»tmice which is generally intermixed 



CHBOMIC IRON — PITCHBLENDE. 151 

viHk siliceons minerals; sometimes in felspathic or talcose 
rocks ; or combined with other oxydes. 
1. Chbomic Ibon 

Ts a black ore^ with but little metallic lustre; massive^ 
axkd sometimes crystallized in octahedrons: occasionally 
it; is attractable by the magnet : specific gravity 4r4i, hard* 
xiess 5*5. 

This ore has been for some years sought after^ to obtain 
from it the chromic acid^ for the preparation of the beauti- 
ful chrome-yellow used in painting and dying. It has been 
found in serpentine in the Shetland Isles^ in Styria^ the 
department of Var in France, and other localities : and 
T^y abundantly in Maryland and other parts of the 
United States. 

Distinguished from magnetic iron by less lustre, and by 
affording a bright green glass with borax. 

2. Chromate of Lead (Crocoise; B>ed Lead ore). 
This is the same substance as the chrome-yellow artifi- 
dally prepared. When crystallized, its colour is of a deep 
red-orange, and, when powdered, orange-yellow; the cry- 
stals, which are semi-transparent, are oblique rhombic 
prisms, the base nearly square. They are generally small 
and slender, and occur with galena, and sometimes pyro- 
morphite, at Beresof, in Siberia; it has been foimd more 
recently, also, at Congonhas do Campo, in Brazil. 

Vauquelinite is a chromate of lead, with 10 per cent, of 
oxyde of copper, which has been found with the above in 
green acicular crystals. 



Family VI. — ^Ueanides. 
Besides the phosphate which has been described, ura- 
nium occurs as an oxyde, alone, or combined with water. 
1. Pitchblende (Oxydulated Uranium). 
This is a black or brownish-black substance with ser 
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metallic lustre, scarcely so hard as felspar : it is infiisihle 
alone, but gives a green colour to the flame. It is found 
in some veins of silver ore in Saxony and Bohemia, also 
in Cornwall, but it is a rare mineral. 

2. Uban Ochre occurs as a powder, of a light yellow 
colour, which becomes orange when gently heated, and 
gives off water when calcined. The oxyde of uraniimi 
has been applied to painting on porcelain, to produce a 
fine orange colour. 



Family VII. — ^Manoanides. 

The ores of manganese are not found in great abun- 
dance, though the metal itself is one of the most widely 
distributed in nature. As an oxyde (xr a carb(mate, it is 
combined in many iron ores, and exists in many earthy 
minerals, .particularly mica, of whidi it is often the colour- 
ing matter. 

The native oxydes, of which there are several species, 
are extensively employed in some manufacturing pro- 
cesses : particularly in the production of chlorine, so es- 
sential in bleaching : and in glass- making, to destroy the 
green tinge which it would often otherwise have. Melted 
with borax they produce an amethyst coloured glass. 

OxTDES OF Manganese. 

1. PvBOLirstTE (Peroxyde of Manganese). 

It occurs in groups of small brilliant crystals, like cut 
steel ; or in long prisms, generally of eight sides, which 
have a good deal of resemblance to those of grey sulphiiret 
of antimony, but darker in colour; sometimes forming 
botryoidal masses with a fibrous structure ; also, compact 
or granular, with numerous small cavities, which are lined 
or filled with a blackish powder that soils the fingers 
strongly, and is the same substance in an earthy form. 

The specific gravity of pyrolusite is 4*8 to 5 j hardness, 
rather above calcspar. 



MANOANITS — PSILOMELANB. 153 

S. Manganitb (Hydrous Oxyde of Manganese; Acer- 

This ore differs from the preceding in containing 10 per 
cexit. of water united with the oxydised metal. 

Tts appearace is yery similar to that of pyrolusite^ but 
^tlxe lustre is less metallic and the colour darker. When 
cnroslied^ the powder is brown, while that of pyrolusite is 
\>lack. It is also harder than pyrolusite. 

TV<id is the same substance, of an earthy texture, some- 
times appearing compact when broken : it often occurs in 
singular dendritic and stalactitic forms, with a smooth 
surface, but no lustre. 

If this substance be mixed with linseed oil, and kneaded 
into a dough, the mass wiU inflame spontaneously. 

AU these varieties, as well as the pyrolusite, are ob« 
tained in large quantity at Upton Pyne, in Devonshire ; 
also, in Aberdeenshire, the Pyrenees, and many other 
parts of Europe. 

Both species are easily distinguished by t]ie blowpipe, 
from ores of similar appearance. 

3. PsiLOMELANE (Barytifcrous Oxydc of Mangancsc). 
Another hydrous oxyde which contains from 4 to 16 
per cent, of the earth baryta. It does not crystallize, has 
a bluish-black colour, and when heated with glass of borax, 
produces a violent effervescence. 

It occurs with the above-named ores, principally in the 
neighbourhood of Macon in Burgundy. 

Braunite and Hausmannite are rare species, crystallizing 
in square octahedrons of a brownish-black colour, and 
semi-metallic. 

Marceline is an oxyde containing 15 or more per cent, 
of ailica, which is found abundantly in the valley of St. 
Marcel in Piedmont, enclosing several interesting sub- 
Btances embedded in it. 

Of all these species, the pyrolusite is the most advar 
tageous, being the most highly oxydized, and free fr( 

8* 
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any other snbetaiicey except accidental impurities. Tbe 
oxygen gas employed in chemical experiments may be 
obtained from it, by exposing it to heat in a retort; and 
when powdered and mixed with muriatic add^ chlorine 
is given off, which is perceptible by its strong pmigent 
odour. 



Family "Vlil. — Sidsbidks* 
I. Gtenus. 

1. Natiye Ibon. 

Metallic iron is found in yeiy small quantity beneadi 
the sur&ce of the earth : it occurs in small laminas and 
thin veins among iron ores; and in small particles in 
some lavas, both ancient and modem. 

There are, however, many lai^e masses of metallic iron 
scattered over the earth's surface, which are known to be 
of meteoric origin, the period and circumstances of tlisir 
fall having been recorded, sometimes with great precision. 
They are perfectly metallic, attractable by the magnet, 
and malleable ; and are all found to contain from 1 to 10 
per cent, of nickel, and sometimes a very smaU quantity 
of chrome or cobalt. 

There are many other metaUic masses of whose descent 
from the atmosphere we have no account, but they are 
found to consist of a similar alloy; and, judging from tlus, 
and the similarity of their insulated situation, it is impossi- 
ble not to conclude that they have had the same origin. 

A mass of iron weighing 71 lb., which fell with a smaUer 
fragment, on the explosion of a meteor, in Croatia, in 1751, • 
is to be seen in the Imperial Cabinet of Vienna ; and at the 
town of Ellbogen in Bohemia, a mass of iron weighing 
2001b. is preserved, which was seen to fall from the air. 

The great mass of iron near Jenissek, in Siberia, whici 
contains grains of chrysolite embedded in it, is supposed to 
woir.li 1600 lb. : another, on the banks of the River Plata, is 
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alcsmlated to weigh about 100,0001b., and tbere are many 
t;l^eirs of all sizes in different countries. 

OxYDES OF Iron. 
3- . Peroxyde of Iron (Specular Iron or Iron Glance ; 
R^od Haematite; Bed Ironstone). 

Tlie crystallized varieties of this ore, have a dark steel- 
colour, and a splendent metallic lustre ; and the sur- 
is ofi;en tarnished Hke tempered steel : when scratched 
pulverized, however, the powder is dark cherry-red, and 
tliixi firagments, viewed in a strong light, appear of the 
ssicme colour. The crystals are acute rhombohedrons, 
generally with complex modifications; some are thin 
li.exagonal tables with oblique edges. The most brilliant 
specimens come from the Isle of Elba, where mines of 
-tliis ore have been worked above 2000 years. Some 
specimens are attractable by the magnet, but this is not a 
constant character. 

Micaceous iron is the same substance in thin scales : in 
this form it is scattered through some quartzose rocks, 
Laving the appearance of plumbago : in this situation it 
occurs in Brazil and Coromandel. 

In the British Museum is a specimen of specular iron, 
in hexagonal plates, in which a topaz is embedded. 

Red Haematite is always opaque, seldom with any me- 
tallic lustre, of a blood-red colour inclining to steel grey. 
In occurs in large nodules and stalactitic forms, with a 
fine radiated structure : the fibres are sometimes above a 
foot in length. 

Red ironstone is compact or somewhat granular, and 
often very pure. 

Red ochre and red chalk (reddle) have an earthy and 
somewhat undtuous texture ; they generally contain a good 
deal of clay. 

Clay ironstone. An abundant ore, consisting of the red 
oxyde mixed with earthy substances, chiefly clay and 
siliceous matters : it is generally dark red or brown, and 
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sometimes very hard. This must not be confoniided wiik 
the impure carbonate of iron which is also called chsf 
ironstone^ and will effervesce in warm nitre acid. 

The red iron ores are abundant in some parts of Eng« 
land^ particularly at Ulverstone^ in Lancashire^ wh^re aa 
immense vein affords all the varieties^ accompanied by 
calcspar : also in Lanarkshire. 

Pieces of hsematite are much used in the potteries and 
other manufactories^ as burnishers; and a great deal of 
red chalk is sawn up into crayons. 

2. Brown Iron Ore (Hydrous Oxyde of Iron; Hyd- 
rate of Lronj Limonite; Morass Ore; Yellow Ochre.) 

This ore is of a dark coffee-brown colour^ except in the 
earthy varieties ; but when powdered^ is yellow : it is softer 
and more brittle than the red iron ore, and not so heavy. 
When pure, it consists of 85*3 of peroxyde of iron and 
14*7 of water : but it often contains a little of the oxyde 
of manganese and silica. 

Brotvn fuematite resembles the red hsematite in its fibrous 
structure ; but has a silky lustre, and the colour is some- 
times varied by bands of a lighter tint near the surface. 

Broum ironstone is compact, sometimes intermixed with 
clay. 

Bog ore and morass ore, are of loose, unequal friable 
texture, and occur in low swampy grounds. There is not 
much of this sort in Great Britain, except at the foot of 
the Cheviot HUls, though in other parts of Europe it is 
abundant, and in France is extensively smelted. 

Pea iron ore is the same substance occurring in small 
globular masses compressed together : in the Jura moun- 
tains there are extensive beds of it : these grains, when 
broken, appear to consist of concentric layers. 

All these varieties are much used in the iron works of 
France and Prussia ; but until lately, those which occur in 
England have been neglected, in consequence of the 
abundance of richer ores. 
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Yellow ochre, which is used in various kinds of painting, 
L8 sometimes a very pure hydrate of iron, but the best 
kind for these purposes, contains a good d6al of alumina 
combined with it. There is a large bed of it near Oxford, 
which is of very good quality. 

Umber y another pigment, contains a large proportion of 
the hydrous oxyde of manganese. 



Genus II. — ^Febbates. 
1. Magnetic Iron Obb (Loadstone; Oxydulous Iron). 
This ore had a dark iron-grey colour and metallic lustre, 
and its hardness and specific gravity are nearly the same 
as of specular iron ore : massive varieties of these two 
ores resemble each other considerably; but they may be 
distinguished by pulverizing them: the powder of the 
specular iron is red^ and of the magnetic iron, black. 

It is always strongly attracted by the magnet, a cir- 
cumstance which sometimes occurs with the specular ore ; 
but those specimens which exhibit polarUy, are themselves 
natural magnets or loadstone. 

Magnetic iron is scarce in this country, being found 

only in small crystals, octahedral or dodecahedral (figs. 5, 

9, 10,) disseminated in serpentine and in some schistose 

rocks : but in Norway and Sweden it forms immense beds 

many yards in thickness, and even constitutes mountains, 

as at Taberg and Dannemora ; and at Gellivara in Lapland. 

It occurs in many other countries, particularly the United 

States, but not in such extensive masses. 

2. Franklinite 

Is a combination of oxyde of iron with the oxydes of 
manganese and zinc, which is found at Franklin, in New 
Jersey. It crystallizes in octahedrons, and has ver- 
much the appearance of magnetic iron, but somewhat le 
metallic, and the streak is reddish brown. 
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COBALTIDES. 

3. Black Oxyde op Cobalt (Cobalt Ochre) . 

A black eartby substance which occurs in several places^ 
both in Europe and America, usually on the surface of 
other ores of cobalt, and of arsenic, but seldom pure. 
The ore fipom Missouri, of which a good deal is now ex- 
ported to England, for the purpose of being converted 
into smalt, contains 40 per cent, of the oxyde of cobalt, 
with oxydes of nickel, manganese, iron, and copper. 



Family V. — Cupridbs. 

Native Copper. 

Like most of the native metals, it crystallizes in the 
octahedral system; but perfect crystals are seldom met 
with. It occurs sometimes in very large masses, but most 
frequently, in branching and leaf-like forms, scattered 
among the veinstone, or penetrating it : and the surface 
of these ramifications is often thinly coated with green 
carbonate of copper, or tarnished of a brownish colour. 

In general it is very nearly pure copper, and has the 
colour, hardness, and malleability of the refined metal, as 
we are accustomed to see it: sometimes it contaLns a 
minute proportion of silver. 

Siberia and Cornwall have for ages afibrded abundance 
of native copper, and some of the finest cabinet specimens; 
but Brazil and the southern shore of Lake Superior have 
produced by far the largest masses of metal. A block 
weighing 3704 lbs. was taken from the last-mentioned spot 
and conveyed to Washington : but many larger ones are 
said to have been obtained from the same locality. In 
some parts of this district, the copper is penetrated by 
threads of pure silver, and grains of the same metal are 
scattered through it; a circumstance which has never been 
^^served elsewhere. 
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Its softness and ready solubility in every kind of acid^ 
aa.d in ammonia^ distinguish copper from the few metallic 
xrinerals which at all resemble it. 

Copper is one of the metals that has been known and 
PTorked from the earliest period : alloyed with tin its hard- 
iness is much increased; and this alloy formed the various 
ir^Tifia of bronze of which armour^ weapons^ knives^ and 
other tools were manufactured by the former inhabitants 
o£ both the old and the new continent. Axes and knives 
from the tombs of the ancient Peruvians and Mexicans, 
chisels found in the quarries of Egypt, and Roman and 
Gtralish swords of great antiquity, bave been analysed, and 
found to contain from 75 to 96 per cent, of copper alloyed 
'with tin. 

OXTDES. 

Ruby Cofpeb (Red Oxyde of Copper; Zigueline). 
Tbis suostance is of a fine crimson colour, sometimes 
almost black, with a vitreous lustre, varying from semi- 
transparent to nearly opaque. It crystallizes in octa- 
bedrons and dodecahedrons, sometimes presenting nume- 
rous modifications (figs. 4, 5, 9^ 10, are the most common): 
it is brittle^ and about as hard as fluorspar, with a specific 
gravity of 5*6. Detached crystals of a bright colour are 
verymuch like spinel rubies; but the diflPerence of their hard- 
ness is a sufficient distinction. It is often intermixed with 
native copper, but seldom with the other ores of this metal. 
At Chessy, large and perfect pseudomorphous crystals 
of malachite are foimd, having the forms of ruby copper. 
TUe ore is a variety which is intermixed with oxyde of 
iron and other impurities, and forms thin flattish masses 
something like dark coloured tiles. 

Black oxyde of copper ^ which is more oxydated than the 
pieceding species, occurs in the form of a fine black pow- 
der, or in small masses of an earthy texture, with som< 
other copper ores. Both this and ruby copper are easil 
reduced on charcoal to metallic copp 
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Family X. — ^Aurides. 

Gk)ld is found only in the native or metallitf state; tot, 
though it is alloyed with silver^ and with tellunum^ it is 
never mineralized by sulphur, oxygen, chlorine, &c. which, 
in combining with other metals, destroy their metallk 
character. 

1. Native Gk)LD is often nearly pure; but it is almosl 
constantly alloyed with some proportion of silver, which 
varies from a very small fraction to 72 per cent. When 
the quantity of silver is but small, it does not differ in ap- 
pearance from the gold of commerce: it has the same 
colour, hardness and malleability, but is less heavy, the 
specific gravity ranging from 13*6 to 14*7; tins vaanatioa 
depends partly on the amount of silver which it contains : 
the specific gravity of gold when purified is 19*25. 

Gt)ld crystallizes in cubes and octahedrons, and other 
forms belonging to the same series. Some of the gold 
sand of South America consists chiefly of brilliant cry- i 
stallized grains ; but well formed crystals of even moderate 
size are extremely scarce : it is more commonly dissemi- 
nated in small irregular lumps or grains, in veins of quarts 
or calcspar, accompanying other ores : for it does not, like 
copper pyrites and cinnabar, fill the veins in which it 
occurs; nor even constitute, like native silver, the prin- 
cipal part of their metalliferous contents; but is scattered 
through them in minute particles ; or spread out here and 
there into thin leaves ; or forms, in their cavities, crystal- 
lized tufts. 

In Hungary and in some parts of Mexico, gold occurs 
with the sulphurets of silver : in the Sierra Co^aes of - 
Brazil, beds of granular quartz and micaceous specular 
iron, include a great quantity of native gold in the form 
of spangles. 

Gold was discovered some years since in lead veins in 
Merionethshire, in sufficient quantity to render the work- 
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xig of it tolerably profitable : it is tbere sprinkled in fine 
particles over quartz^ or mixed with iron pyrites and de- 
composing blende. In tbe Hartz it is found chiefiy 
eunong decomposing iron pyrites. 

Gk)ld, however, is &r more abundant in tbe sand of 
tiyers^ and in alluvial tracts, than in any other situations. 
Most of tbe gold of South America, and which for many 
years was the source of the greater part of the gold cir- 
culating and manufactured in Europe, is obtained from 
vmahings in alluvial* grounds. At Choco, along with the 
gold, platinum, hyacinths, and rutile occur ; and often, the 
trunks of petrified trees : in other localities, diamonds and 
gold are found together. • ^ 

In California, where the late discovery of gold has ex- 
cited such extraordinary interest, both from the extent of 
country over which it appears to be scattered, and the 
unusual size of the pepites (as they are called) in which it 
occurs, the soil is alluvial, and diamonds are said to have 
been met with in several spots. A great quantity exists 
there in small grains and spangles ; the large pepites are 
either of solid metal, or quartz intermixed with gold, and 
in general, strongly coloured by hydrous oxyde of iron. 
The gold mines of the Urals are situated in alluvial soilji, 
and it is observed that the richest spots are generally those 
which are the most ferruginous. These mines are said to 
have been, for some years past, the most productive in the 
world.t 

The native gold of Africa is in the form of dust inter- 
mixed sometimes with larger grains. That country, toge- 
ther with Spain, furnished a great part of the gold pos- 

* AUunalia a tenn used to designate the deposits of loose gravely sand, and 
mod, irhich in many regions are spread over all other strata, chiefly in low 
grounds; and appear as if carried thither by a stream or flood. The word is 
derived from aUuvio, an inundation. 

t The whole of the Russian mines yielded, in 1842, 42,000lbs. troy, of which 
half was from Siberia. 
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aessed by the ancients : the mines of Gtdlicia, acco: 
to Diodoros Siculos^ were worked by the FhoenicianSy 
afterwards by the Romans. 

Macedonia^ Thrace^ and the Isle of Thasos^ near that 
coast; also afforded them gold. 

The river Factolns^ celebrated for its golden sands^ was 
said to have been a chief source of the wealth of CrassoM, 
but they have long ceased to be productive. 

Borneo^ Sumatra, and many other Islands of the Indian 
Archipelago^ as well as Cochin China and Siam^ possess 
productive g(dd mines. 

In the time of Queen Elizabeth^ extensive gold-wasb- 
ings were carried on in the tnining district of LeadhiUs^ 
Scotland; and in the course of a few summers, the quan- 
tity collected there, amounted to £100,000. In Wicklow, 
also, gold was for a short time obtained firom a small 
alluvial tract : and particles of gold occur sometimes in the 
Cornish stream works. 

Electrum is a name applied to a native alloy of 64 parts ^ 
of gold with 36 of silver. Pliny says that " all gold con- 
tains more or less silver combined with it, and that whai 
the latter amounts to h fifth part of the weight, it is called 
electrum." When the proportion of silver is large, the 
alloy has a brassy colour : it is met with generally in vemij 
in Siberia, Hungary, and Transylvania, but not often in 
sand or grains. 

Gold is insoluble in every acid except aqua r^ia, 
(a mixture of nitric and hydrochloric adds), and nei- 
ther becomes oxydized nor tarnished by exposure to 
the air. Its extreme malleability, in addition to these 
properties, renders it a most economical as well as beau- 
tifid ornamental material, notwithstanding its high value. 
It amalgamates readily with mercury, for which reason 
this metal is used in some places with great advantage for 
separating gold from the gangue or earthy matter with 
which it is intermixed. 
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Family IX. — ^Platinides. 
Native Platinum (Platina). 

This metaly which is the heaviest known substance^ is 

found only in the metallic state^ generally alloyed with a 

small quantity of palladium, iridium, osmium, rhodium, or 

irvH : sometiines it is combined with two or three of these 

-metals. It has a pale lead-grey colour^ and is found in 

grains, which axe generally very small, rarely as large as 

a pea. In this state its specific gravity is about 17^ but 

when purified it is 19*5^ or^ rather higher than that of 

gold.* 

Platinum is a most indestructible substance; being 
infusible at a heat which liquifies gold^ and unaffected by 
every acid^ except the aqua regia; it is^ therefore^ of great 
value as a material for crucibles and other chemical appa- 
ratus. It is also extremely malleable^ and so ductile^ that 
it has been drawn into wire less than the ten-thousandth 
qS, an inch in diameter. 

Platinum was discovered about a hundred years since^ 
in the sands of Barba9oa^ and Choto in South America : 
it was afterwards found in the gold district of Brazil^ 
whence a considerable quantity was obtained annually ; 
but in 1824 it was discovered on the western side of the 
Ural Mountains ; and the mines of that district have for 
several years produced a far greater quantity than all the 
American localities^ and the most remarkable specimens 
in point of size and weight : one of these, in the Demi- 
doff Cabinet, weighs 21 lbs. troy, another 11|. 



Family X. — Palladides. 
Palladium. 
Among the grains of platinum are generally intermix 

♦ PlatiDum, which has been rendered more dense by hammering, has a sp. 
from 21 to 23. 
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very small ones of a lighter colour^ and sometimes a radi- 
ated texture, which have a specific gravity of 11 '3 or 11*8. 
These are Palladium: the grains have usually a flat shape, 
and are soluble in heated nitric acid. \ 

Palladium has been advantageously used in small slips, 
to inlay parts of astronomical instruments, where fine gra- 
duated lines are cut, being nearly as white as silver, and 
not liable to. tarnish or become oxydated. In the Mint 
at Paris, there is a highly polished cup of this metal. 



Family XI. — Osmides. 

Ibidosmine (Native Iridium). 

An alloy of Osmium with Iridium, which occurs in 
small grains in some of the localities of Platinum. Their 
specific gravity is above 19, and they are insoluble alone, 
even in aqua regia. 

The metal iridium received its name from tm, the rain- 
bow, because its different solutions exhibit all the colours 
of the rainbow. 
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BUDIMENTABT WOBES. 

vmvir SBxns or aDiroATzovA& ixroitxsi 

OB 

Volumes intended for Public Instruction and for Iteferenoe : 

Now m (he cowrse of Publication. 

The public farour with which the Rudimentary Works on scientific subjects htfe 
been received induces the Publisher to commence a New Series, somewhat different 
in character, but which, it is hoped, may be found equally serviceable. Tbe 
DiCTiONABiBS of the Modern Lanouaoes are arranged for facility of r^erence, 
so that the English traveller on the Continent and the Foreigner in England na; 
find in them an easy means of communication, although possessing bat a aligfat 
acquaintance with we respective languages. They will also be found of easentiil 
service for the desk in the merchant's office and the countine-house, and more 
particularly to a numerous class who are anxious to acquire a knowledge of 
languages so generally used in mercantile and commercial transactions. 

The want of small and concise Ghebk and Latin Dictionabies has long bees 
felt by the younger students in schools, and by the classical scholar who reqoirs 
a book that may be carried in the pocket ; and it is believed that the present is 
the first attempt which has been made to offer a complete Lexicon of Uie Grtfk 
Language in so small a compass. 

In the volumes on England, Greece and Rome, it is intended to treat of 
History as a Science, and to present in a connected view an analysis of the Iaig« 
and expensive works of the most highly valued historisal writers. The extennTe 
circulation of the preceding Series on the pure and applied Sciences am<Hi£st 
students, practical mechanics, and others, affords conclusive evidence of uk 
desire of our industrious classes to acquire substantial knowledge, when placed 
within their reach ; and this has induced the hope that the volumes on Histoid 
will be found profitable not only in an intellectuiU point of view, but, which is of 
still higher importance, in the social improvement of the people ; for witfaoot 
a knowledge of the principles of the English constitution, and of those eveott 
which have more especially tended to promote our commercial prosperity sd^ 
political freedom, it is impossible that a correct judgment can be formed by ^ 
mass of tbe people of the measures best calculated to increase the nadooil 
welfare, or of the character of men best quahfied to represent them in Parliament ; 
and this knowledge becomes indispensable in exact proportion as the elective 
franchise may be extended and the system of government become more undo 
the influence of public opinion. 

The scholastic application of these volumes has not been overlooked, and t 
comparison of the text with the examinations for degrees given, will show their 
applicability to the course of historic study pursued in the Universities of 
Cambridge and London. . ..^ 

1, 2. CoNSTiTunoNAt History op England, 2 vol&, by W. D. Hamilton 2i. 

3, 4. . . . DOWN TO Victoria, by the 

same . . , . , 2t 

6. Outline op the History of Greece, by the same . , • . U 

6. — *^ to its BECOMINa* A ROMAIf 

Province, by the same 1a 6i 

7. OuTUNE History op Rome, by the same U 

8« ■ to the Decline, by the same . . IaI 



rii? NEW LIST OP WORKS. 6 

'« BUDIHEKTABT WORKS. 

,» A Chbohologt of Civil Ajfb Ecclbsustical Histobt, Litbill- 
TUBK, Science, and Abt, from the earliest time to a late period, 
2 vols., by Edward Law. 2f. 

iUMMAB OF THE ENGLISH LANGUAGE, for HBO in Schools and for 
■n^A' Priyate Instruction, by Hyde Clarke, Esq., D.C.L. . . . U. 

DicnoNABT OF THE ENGLISH LANGUAGE. A new and compressed 

'Dictionary of the English Tongue, as Spoken and Written, including 

^- Above 100,000 words, or 50,000 more than in any existing worl^ 

tytfuad including 10,600 additional Meanings of Old Words, 2 vols. 

in 1, by the same 28, 6d. 

■ . Jl (1 11 M i II OF THE Gbeek LANGUAGE, by H. C. Hamilton . 1«. 

^^f^ DiCriONABT OF THE GbBEK AND ENGLISH LANGUAGES, by H. R. 

^K. HamiltOD, 2 vols, in 1 2i. 

'jML ' English and Gbeek Languages, 2 vols, in 1, 

^.^p by tlie same • , 2s. 

LMMAB OF the LaTIN LANGUAGE U, 

DiCTIONABT OF THE LaTIN AND ENGLISH LANGUAGES . . . 2«. 

^W^ — — . English and Latin Languages ... 2*. 

^ Jp&AMMAB OF THE Fbench LANGUAGE, by Dr. Strauss, late Lecturer 

^^ at Besan^on Is. 

DiCTIONABT OF THE FbENCH AND ENGLISH LANGUAGES, by A. ElweS U. 

jg_^ English and Fbench Languages, by the same It. 

(bamhab of the Italian Language, by the same ....!«. 

K DiCIIONABT OF THE ITALIAN, ENGLISH, AND FbENCH LANGUAGES, 

J* by the same Is, 

% 81. English,'^ Italian, and Fbench Languages, 

by the same Is. 

1, 33. Fbench, Italian, and English Languages, 

by the same . . 1«. 

4. Gbammab OF THE SPANISH LANGUAGE, by the same . '. . , Is. 

5, 36. DiCTIONABT OF THE SPANISH AND ENGLISH LANGUAGES, by the 

same 2^. 

17, 38. __^_ English and Spanish Languages, by the 

same • . . . . 2«. 

39. Gbammab of the Gebman Language, by Dr. Strauss . • , Is, 

10. Classical Gebman Readeb, from the best Authors, by the same . Is, 

41, 42, 43. Dictionabies of the English, Gebman, and Fbench 

Languages, by N. E. S. A. Hamilton, 3 vols 3«. 

44,45. DiCTIONABT OF the Hebbew and English and English and 
Hbbbew Languages, containing all the new Biblical and Rabbinical 
words, 2 vols, (together with the Grammar, which may be had 
separately for Is.), by Dr. Bresslau, Hebrew Professor . 5*. 



8UPPZXMBNTARY TO THE SBRZBS. 

Domestic Medicine ; or complete and comprehensive Instructions for Self 
by simple and efficient Means for the Preservation and Restoratior 
Health ; originally written by M. Raspail, and now fuUy transUted 
ad^ted to tiie use of the British public. Is, 6d. 
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JOHN WEALE»S 



ORBAT BZBIBITION BVILDINO. 

The BUILDING erected in- HYDE PARK for the 

GREAT EXHIBITION of the WORKS of 

INDUSTRY of ALL NATIONS, 1851 : 

ninstrated by 28 large folding Plates, embracing plans, elevations, sections, isd 
detaUs, laid down to a large scale from the working drawings of the Clontracton, 
Messrs. Fox, Henderson, and Co., by Charles Downes, Architects witfat 
scientific description by Charles Cowper, C.E. 

In 4 Parts, royal quarto, now complete, price £1. lOt., 
or in cloth boards, lettered, price H. Il«. 6d. 

*^* This work has every measured detail so thoroughly made out as to enable 
uhe Engineer or Architect to erect a construction of a similar nature, either dor 
or less extensive. 



SIR JOHN RENNIE'S WORK 



ON THE 



THEORY, FORMATION, AND CONSTRUCTION 
OF BRITISH AND FOREIGN HARBOURS. 

Copious expUmatory text, illustrated hy numerous examples, 2 Yols^ yery nest 

in holf-morocco. 

The history of the most ancient maritime nations affords ood- 
chisive evidence of the importance which they attached to the 
construction of secure and extensive Harbours, as indispensablj 
necessary to the extension of commerce and navigation, and to the 
successful establishment of colonies in distant parts of the globe. 

To this important subject, and more especially with reference to 
the yast extension of our commerce vnth foreign nations, the atten- 
tion of the British Government has of late years been worthily 
directed; and as this may be reasonably expected to enhance the 
yalue of any information which may add to our existing stock of 
knowledge in a department of Civil Engineering as yet but imperfectlj 
understood, its contribution at the present time may become generallj 
useful to the Engineering Profession. 

The Plates are executed by the best mechanical Engravers ; the "^^wi fiady 
engraved under the direction of Mr. Pye : all the Engineering PlttM have iH ^ i^ p - 
"'ons, with every explanatory detail for professional use* 
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In octiTQ, doth boardiy price 9«. 

HYDRAULIC FORMULAE, CO-EFFICIENTS, 

AND TABLES, 

?Qr finding the Discharge of Water fipm Orifices, Notches, Weirs, 
Short l^hes, Piaphrggms, Mouth-pieces, Fipes, Prains, Streams, 
and BiTers. 

BY JOHN NEVILLE, 

KBLCmrmor and O.S.t JJBMBBB BOTAL HUBB AOADSItTy MIMBUt IM8T. O.K. 

i]giXULso, lauf^m obqlooical soc. ibblaki)* county subtbtor of 

I.OUTH, AND OF THE COUNTT OF THB TOWN OF DROOHEDA. 

This work contains aboye 150 different hydraulic formulae (the 
Goiitinental ones reduced to English measures), and the most ex- 
tensive and accurate Tables yet published for finding the mean 
velocity of discharge from triangular, quadrilateral, and circular 
orifices, pipes, and rivers; with experimental results and co- 
efficients; — effects of friction; of the velocity of approach; and of 
curres, bends, contractions, and expansions; — the best form of 
diannel ;— ^the drainage effects of long and short weirs, 
AND WEIR-BASINS; — cxtcut of bsck-watcr from weirs; contracted 
channels; — catchment basins; — hydrostatic and hydraulic pres- 
sure ; — water-power, &c. 



TRBDGOID ON THE STEAM ENGINE. 

Published in 74 Parts, price 28, 6d, eacb, in 4to, illustrated by very nmnerona 
engrayings and wood-cuts, a new and much extended edition, now complete in 
S Yols. bound in 4, in elegant balf-morocco, price Nine Guineas and a Half. 

THE STEAM ENGINE, 

IN ITS PROGRE88ITB AND PRESENT STATE OF IMPROVEMENT; 

Practically and ampl^ elucidating, in every detail, its modifications 
and Implications, its duties and consumption of fuel, with an 
investigation of its principles and the proportions of its parts for 
^ciem^ and strength ; including examples of British and American 
recently constructed engines, with detaUs, drawn to a large scale. 

The well-known and highly appreciated Treatise, Mr. Tredgold's 
national Work on the Steam Engine, founded on scientific principles 
and compiled from the practice of the best makers — showing also 
easy rules for construction, and for the calculation of its power in 
all casea-^has commanded a most extensive sale in the several 
English editions, and in Translations on the Continent. These 
editions being now out of print, the proprietor has been induced to 
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TftXD60I«0 ON THK 8TBAM XNGIME. 

enlarge and extend the present edition by practical examples of I 
kinds, with the most recent improTements in the constmcticm 
practical operations of the steam engine both at home and abi 

The work is divided into 'the sections named below, either; 
which may be purchased separately : working engineers wifl 
thus enabled to select those portions which more espedally ap] 
the objects upon which they may be respectiyely employed. 

Several sdentific men, extensively and practically employed, 
contributed original and really practical piqiers of the utmost util 
by which the value of this extended e^tion is much increased, 
copious Index for reference is added. 

Division A. Locomotive Engiiies, 41 plates and 55 wood-cats, complete, 
Vol. I. In half-morocco binding, price £2. 12«. 6d. 

Division B. Marine Engines, British and American, nnmerons plates and wool* 
outs, making Vol. II. ; bound in 2 vols, half-morocco, price iS3. 13«. 6d 

Division C to G. making Vol. III., and completing the work, comprisiif 
Stationary Engines, Pumping Engines, Engines for WHIb, and several exampls- 
of Boilers employed in the British Steam Navy; in half-morocooy 
<3. 13#. 6(f. 

LIST OF PLATES. 
DIVISION A. — LOCOMOTIVE ENGINES. 



Elevation of the 8-wheeled locomotive 
engine and tender, the Iron Dukb, 
on the Great Western Railway. 

Longitudinal section of ditto. 

Plan» ditto. 

Transverse sections, ditto. 

Details of ditto: transverse section 
through working gear, transverse 
section and end view of tender; plan 
and section of feed-pump ; plan and 
elevation of hand-pump; details of 
inside filming, centre axle, drivmg 
axle-box, regulation-valve, centre- 
beam stay, &o. 

Elevation of Crampton's patent loco- 
motive engine and tender. 

Longitudinal section of ditto. 

Plan of ditto. 

Transverse sections of ditto. 

Elevation of the Ptracmon 6-wheeled 
ffoods' engine on the Great Western 
Railway. 

Half.plan of the working gear of ditto. 

Elevation of a portion of the working 
gear of ditto. 

Diagrams, by J. Sewell, L. E., of re- 
sistances per ton of the train ; and 
portion of engines of the class of the 



Great Britain locomotive, indod- 
ing tender, with various loads and it 
various velocities ; also of the sd- 
ditional resistance in fts. per ton of 
the train, when the engine is loaded, 
to be added to the resistance per ios 
of the engine and tender when un- 
loaded. 

Side and front elevation of an exprea 
carriage engine, introdaced on the 
Eastern Counties Railway by Jamei 
Samuel, C.E., Resident Engineer. 

Longitudinal and cross section of ditto. 

Plan of ditto ; with plan and section of 
cylinders, details and s^ons, piston 
full size. 

Elevation of the outside-cylinder tank 
engine made by Sharpe Brothers A 
Co., of Manchester, for the Man- 
chester and Birmingham Railway. 

Section of cylinder and other parts, 
and part elevation of ditto. 

Longitudinal section of ditto. 

Plan of ditto. 

Transverse sections of both ends, with 
sectional parts. 

Mr. Edward Woods' experiments on the 
several sections of old and modem 
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TREDGOLD ON THE STEAM ENGINE. 



▼alyee of looomotiYe engines, — yiz. 
fig^. 1. stroke commences; fig. 2, 
steam-port open ; fig. 3, steam-port 
open ; fig. 4, steam-port open ; fig. 5, 
stroke completed, steam cut off, 
exhaustion commences ; fig. 6, stroke 
commences; fig. 7, steam-port full 
open ; fig. 8, steam cut off; fig. 9, 
exhaustion commences; fig. 10, steam 
completed. 

»itto, drawn and engraved to half-size : 
fig. 1, old valve, -j^inch lap; fig. 2, 
f -inch lap ; fig. 3, f -inch lap ; fig. 4, 
^-inch lap, Gray's patent; fig. 5, 
l-inch lap. 

Ilevation of a six-wheeled locomotive 
engine and tender, No. 15, con- 
structed hy Messrs. Tayleur, Vulcan 
Foundry, Warrington, for the Cale- 
donian Railway. 

iong^tudinal section of ditto. 

Man of ditto, engine and tender, with 
cylindrical part of boiler removed. 

Elevations of fire-box, section of fire- 
box, section of smoke-box, of ditto. 

Elevations and sectional parts of ditto. 

Sectional parts, half-plan of working 
gear, ditto. 

Slevation ofMessrs. Robert Stephenson 



and Co.'s six-wheeled patent loco- 
motive engine and tender.' 

Longitudinal section of ditto. 

Plan and details of Stephenson's patent 
engine. 

Section of fire-box, section of smoke- 
box, front and back elevations of the 
same. 

Plan of a six-wheeled engine on the 
Birmingham and Shrewsbury Rail- 
way, constructed by Messrs. Bury, 
Curtis, and Kennedy, Liverpool. 

Longitudinal section of ditto. 

Sectional elevation of the smoke-box, Sc 

Sectional elevation of the fire-box of 
ditto. 

Elevation of the locomotive engine and 
tender, Plews, adapted for high 
speeds, constructed by Messrs. R. & 
W. Hawthorn, of Newcastle-upon- 
Tyne, for the York, Newcastle, and 
Berwick Railway Company. 

Longitudinal section of ditto. This 
section is through the fire-box, boiler, 
and smoke-box, showing the tubes, 
safety-valve, whistles, steam and blast 
pipes, &c. 

Plan of ditto. 

Plan of the working gear, details, &c. 



Forty-one plates and fifty-five wood engravings. 



DIVISION B. — MARINE ENGINES^ &C. 



Pwo plates, comprising figures 1, 2, 
and 3, Properties of Steam. 

Plan of H. M. screw steam frigate 
Dauntless, constructed by Robert 
Napier, Esq. 

Longitudinal elevation and transverse 
section of ditto. 

Longitudinal section at A B on plan, 
longitudinal section at C D on plan 
of ditto. 

Bngines of H. M. steam ship Terrible, 
constructed by Messrs. Maudslay, 
Sons, and Field, on the double- 
cylinder principle. Longitudinal sec- 
tions of engines. 

Transverse section and end view of ditto. 

Transverse section through boilers of 
ditto. 

Plan of engines, showing also bunkers, 
paddles, &c. 



Oscillating engines of the Peninsular 
and Oriental Company's steam vessel 
Ariel, constructed by John Penn 
and Sons. Longitudinal section. 

Section at engines of ditto. 

Section at boUer of ditto. 

Plan at boiler of ditto. 

Section at air-pump, and at cylinder. 

Annular cylinder engines of the iron 
steam vessels Princess Mart and 
Princess Maude, constructed by 
Maudslay, Sons, and Field. Longi- 
tudinal section. 

Transverse section at engines of ditto. 

Section at boilers of ditto. 

Plan of engines of ditto, showing 
bunkers, paddles, &c. 

Plan of engines of H. M. steam vessel 
Simoom, constructed by James Watt 
& Co., of London and Soho. 
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Longltndmal section of the Simoom. 

Cross section of ditto. 

Engine of the Rbd Roykr, side view 
and plan. 

Longitudinal section of ditto. 

Cross sections of ditto. 

Sheer draught and plans of vesseL 

Plan of the engine of H. M. steam frigate 
Phcenix. 

Longitudinal section of engine of ditto. 

Cross section of ditto. 

Engine of the Rubt steam vessel, ele- 
vation and plan. 

Sheer draught and plan of vessel. 

Plan of engine of the Wilbebforcb, 
Hull and London packet. 

Cross section of ditto and Vessel. 

Longitudinal section of engines of ditto. 

Elevation of engines of ditto. 

Engines of the Bebenicb, Hon. E. L 
Co.'s steam vesseL 

Section of ditto. 

Sheer draught and plan» stem view, 
and body plan of vessel. 

View of the Bebenicb, whilst at sea. 

Boilers of H. M. ships Hermes, Spit- 
fire, and Firefly. 

Kingston's valves, as fitted on board 
sea-going vessels for blow-off injec- 
tion, and hand-pump sea valves. 

Boilers of H. M. steam vessel African. 

Morgan's paddle-wheels, as fitted in 
H. M. S. Medea. 

Side elevation of ditto. 

Plans of upper and lower decks of 
ditto. 

Sheer draught and profile of ditto. 

Morgan and Seaward's paddle-wheels, 
comparatively. 

Positions of a float of a radiating pad- 
dle-wheel in a vessel in motion, and 
positions of a float of a vertically 
acting wheel in a vessel in motion. 

Cycloidal paddle-wheels. 

Sailing of jsteamers in five points from 
courses. 

Experimental steaming and sailing of 
the Caledonia^ Vanguard, Asia, 
and Medea. 

Engines of H. M. steam ship Meojsra. 

Engine of the steamboat New World, 



T. F. Seoor & Co^ EogiiieeEi, Ifip 

York. Elevation and section. 
Elevations of cylinder and crank 
Steam cylinders, plans, and 
Details. 

Several sections oi details. 
Details and sections. 
Details of parts. 
Plans and sections of condOBaer^M 

plates, air-pump bucket, &c. 
Details and sections, iigecticNi 
Detaili, plan and elevaticHi oi 

&c. 
Details, sections of parts, boilea» Ae. 

of the steam boat Nbiv WoViB. 
Sections, details, and paddles. 
Engines of the U. S. mail steamersOaio 

and Georgia. Longitudinal seetkHL 
Elevations and cross sections o( dittou 
Details of steam-chests, side-pipes, 

valves, and valve gear of ditto. 
Section of valves, and plan of pistea of 

ditto. 
Boilers of ditto, sections of ditto. 
Engine of the U. S. steamer Watib- 

Witch. Sectional elevation. 
Steam-chests and cylinders <^ ditto. 
Boilers, sections, &c. of ditto. 
Boilers of the U.S. steamer Powhatax. 
Front view and sections of ditto. 
Elevation of the Pittsburg and Cio> 

cinnati American packet Buckbti 

State. 
Bow view, stem view. 
Plan of the Buckbvb State. 
Model, &c. of ditto, wheel-hoose fiame, 

cross section at wheel-house, sad 

body plan. 
Plan and side elevation of ditto. 
Sheer draught and plan, with the body 

plan, of the U. S. stesm tng^it 

Saranac. 
Longitudinal section of ditto, cross sec- 
tion. 
Engines of the U. S. steams SusaiTi- 

HANNA. 

Elevation of the U. S. Pacitic steim 

packet engine. 
Plan of ditto. 

Boilers of ditto, end views. 
Ditto ditto. 



Eighty 'five wgrttmnga and fifty ^one wood-outs. 



NEW LIST OF WORKS. 



11 
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DTVISION C. TO G., FORMING VOL. III. 



^.TPIONARY ENGINES, PUMPING 

.e «l9vatloii of pumping engine, U. S. 
lo<^. New York. 
d elevation of ditto. 
3vasion and section of the pmnps, 
ditto. — 2 plates. 
tUeia of pumping engines, ditto. 
>ilers, Details, &c. of pumping engines, 
ditto. 

an <tf ite boilers, ditto, 
ometrical projection oi a rectangnlar 
boiler. 

liun and two seetions of a cylindcicfd 
boiler. 

mnton's apparatus forfeeding furnace- 
fires by means of machinery. 
*arts of a high-pressure engine with a 

4-passaged cock, 
lection of a double-acting condensing 

engine. 
Section of a common atmospheric en- 
gine. 
3n the construction of pistons. 
Section of steam pipes and valves, 
^.pparatus for opening and closing steam 

passages. 
Parallel motions. — 2 plates. 
Plan and elevation of an atmospheric 

engine. 
Blevation of a single-acting Boulton 

and Watt engine. 
Double-acting engine for raising water. 
Double-acting engine for impelling 

machinery. 
Mandslay's portable condensing engine 

for impelling machinery. 
Indicator for measuring the force of 
steam in the cylinder, and diagrams 
of forms of vessels. 
Section of a steam vessel with its boiler, 
in two parts — diagrams showing fire- 
places— longitudinal section through 
boiler and fire-places. 
Isometrical projection of a steam-boat 

engine. 
Plan and section of a steam-boat engine. 
Ten horse-power engine, constructed 

by W. Fairbaim and Co. — i plates. 
Porty-five horse-power engine, con- 
stmcted by W. Fairbaim & Co. — 
3 plates. 
Plan and section of boiler for a 20-horse ' 



ENGINES^ MARINE BOILERS^ &C. 

engine, at the manufactMy of Whit- 
worth & Co., Manchester. 
Messrs. Hague's double-acting cylinder^ 

with slides, &c. 
Sixty.five-inch cylinder, erected by 

Maudslay, Sons, and Field, at the 

Chelsea Water-works. — 5 plates. 
Beale's patented rotary engine. 
Double-story boilers of H.M.S. Dbtas- 

TATION, 400 H. P. 
Refrigerator feed and brine pumps. 
Feed and brine apparatus, as fitted on 

board the West India Boyal Mail 

Company's ships. 
Boilers of H. M. steam sloop Basijlisk, 

400 H. P. 
Boilers of the Singapoke, 470 H. P., 

Peninsular and Oriental Company. 
Original double-story boilers of the 

Great Western. 
Telescopic chimney, or sliding funnei, 

of H. M. ship Hydra, 220 H. P. 
Seaward's patent brine and feed valves. 
Boilers of H. M. mail packet Undine, 

(Miller, Ravenhill, & Co.) 100 H. P. 
Cross sections of engines of H. M. mail 

packet Undine. 
Longitudinal elevation of ditto. 
Brine-pumps as fitted on board H.M.S. 

Medea, 220 H. P. (Maudslay, Sons, 

and Field.) 
Boilers of H.M. S. Hydra, 220 H.P. 
Plan of the four boUers, with the sup- 
plementary steam-chests and shut-ofiT 

valves, of the Avxnoer. 
Boilers of H. M. steam ^p Niger, 400 

H. P., fitted by Maudslay, Sons, and 

Field. 
Experimental boiler, Woolwich Yard. 
Boilers of H.M. S. Terrible, 800 H.P. 

(Maudslay, Sons,' and Field.) 
Boilers of the Minx and Tea.ser, 100 

H. P. (transferred to Wasp.) 
Boilers of the Sams jn, 450 H. P. 
Daniel's pyrometer, full size. 
Boilers of the Desperate, 400 H. P. 

(Maudslay, So js, and Field.) 
Boilers of the Niger (2nd plate). 
Boilers of H.M.S. Basilisk ( 

plate). 
Boilers of the t' 
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Doikn ol the Ra]ral Mttt ttenii ships 
Asia and AraicA, 768 H. P., con- 
structed by R. Napier, Glasgow. 

Longitudinal and midship sections of 
ditto. 

BoUers of H.M.S. La Hogub, 450 H.P. 
(Seaward & Co.) 

11. M.S. SiDOK, 560 H.P. Plan of 
telescope fonnel. 

Boilers of H. M. S. Busk, 250 H. P. 

Copper boikis for H. M. S. Sans- 
PA&BU^ 350 H.P. (James Watt & 
Co.> 

American marine boQers, designed and 
executed by C. W. Copeland, Esq., 
of New ToHl, as fitted on board the 
American packets. 

Midship section of the hull of the steam 
packet Pacific, New York and 
Liverpool line. 

Elevation of pumping engines of the 
New Orleans Water-works, U.S., ar- 
ranged and drawn by E. W. Smith, 
Engineer, constracted at the Allaire 
Works, New York. 

Elevation of pumps and valves, chests, 
gearin}^ , &c 

Elevation at steam cylinder end. 

General plan of a turbine water-wheel 
in opeintion at Lowell, Massachusets, 
U.S., by J. B. Francis, C.E. 

Elevation of ditto. Section of ditto. 

Plan of the floats and guide curves, 
ditto. 



Large self-acting sur&eiBg snd 

propeller lathe, by Jo6e^^~ 

& Co., Manchester. 
Longitudinal section, showiag 

ment of engine-room for &c 

applied to a screw propeller^ 

Bishop's disc engine, by G. Sl Sri 

Rennie, with details. 
Arrangement of engine-room foreag^MI 

of 60 horse-power, for driving 

pellers of H. M. steam vessds Bs^ 

NARD and Cruiser, constracted If 

Messrs. Rennie. Longitudiosl se0> 

tion and engine-room. 
Ditto. Transverse section at bttilen 

and at engines. 
Very elaborate diagrams showing ex- 
periments and results of various 

die-wheels. — 8 plates. 
Steam flour-mills at Smyrna, 

structed by Messrs. Joyce &, Co. 

Double cylinder pendulous condeof- 

kig engine, side elevation. 
Side elevation, horizontal plan, ditto. 
Longitudinal section. 
Horizontal plan of mill-house aad 

boilers. 
Transver&e section through engio0> 

house and mill. 
Boilers, longitudinal and transrene 

sections, front view. 
Section through mill-stones, devstioa 

of upper part, section of k>wer psit} 

plan of hopper, &c. 






SUMMARY OF THE ILLUSTRATIONS. 

Plates. 

Vol. I. Locomotive Engines 41 

II. Marine Engines 85 

111. Stationary Engines, Pumping Engines, Engines 

for Flour-MiUs, Examples of Boilers, &c., &c . 100 



Total 



226 



Wood-colfc 
55 
51 

58 

164 
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FULL-LENGTH PORTRAIT OF 

HENRY CAVENDISH, F.R.S. 

Some few India paper proofs, before the letters, of this celebrated 
Philosopher and Chemist, to be had, price 2s. 6d. 
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IS 



HINTS 



YOUNG ARCHITECTS: 



ADYIGE TO THOSE WHO. WHILE TET IT 801001, HE BESTIIED 

TO THE PBOfESSIOI; 

> SUCH AS, H1YIH6 PASSED THEIK PCHLifiE, ABE ABOUT TO TRATEL 

AND TO THOSE WHO, HATDIO OOMPLETEP THEIE EDUCATIOV. 

ABB ABOUT TO PBACTISE: 



• A MODEL SPECGfflCATION: 

INYOLYXNG A ORBAT YABIBTT OF UHfTKUCTIVK AITO SUOOB8TIVB MAITEI^ 
CAIiCaiiATED TO FACnJTATE THEQt FRACnCAL 0FEBAT10N8; 

AND TO DHUBGT THEM Df THEIB COHBUCT, AS THE BBSPOHBIBIiB 

AGENTS OF THEIB EMFLOTEBS; 

AND AS THE RIGHTFUL JUDGES OF A CONTHACnOB'S DUTT. 

By aEOEGB WIGHT WICK, Abchttect. 

gohtkhtb: — 



Prelimiiiary Hints to Young Archi- 



tects on the Knowledge of 

Drawing. 
On Serring his Time. 
On TraveUing. 
His Plate on the Door. 
Orders, Plan-drawing. 
On his Taste, Stady of Interiors. 
Interior Arrangements. 
Wanning and Ventilating. 
House Building, Stabling. 
Cottages and Villas. 
Model Specification : — 
General Clauses. 
Foundations. 
Well. 

Artificial Foundations. 
Brickwork. 

Rabble Masonry with Brick 
Mingled. 

Extra cloth boards, 



Model Specification : 



Stone-cutting. 

, Grecian or Italian onljr« 

— -, Gothic only. 

Miscellaneous. 

Slating. 

Tiling. 

Plaster and Cement- work. 

Carpenters' Work. 

Joiners* Work. 

Iron and Metal-work. 

Plumbers' Work. 

Drainage. 

Well-digging. 

Artificial Levels, Concrete, 
Foundations, Piling and 
Planking, Paving, Vauiauf 
Bell-hanging, ilPlumbing, m 
Building generally. 

price 8s, 
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JOHN WEAhWS 



ASTRONOMICAL ANNUAL FOR 1854. 

goxPBisiNa 
I. The Ephemerideg. 

II. On the Cometio Mysteries, by Professor A. Crestadora, with Plates. 

III. Notice of the Biography of JrS. Bailly. 

Price U. 



THE WORK ON 



BRIDGES OP STONE, IRON, TIMBER, 

AND WIRE. 

In 4 Vols., bound in 8, described iA the larger Gaiialogue of PnbtieationB ; to 
which the following is the Supplement, now completed^ entitled 

SUPPLEMENT TO " THE THEORY, PRACTICE, AND 

ARCniTECTITRE OF BRIDGES OF STONE, IRON, 

TIMBER, WIRE, AND SUSPENSION,'* 

In one large 8vo volume, with explanat(»y Text and 68 Plates, compriaiDg 
details and measured dimensions, in Parts its follows ;<— 



Parti. 

„ n. 

„ III. 
„ IV. 



» 



V. & VI. 



68, 

68, 
68. 

10«. 
208, 



Bound m halknorooco, uniform with the hurger work, price 2lp ICto.^ or in » 

different pattern at the same price. 



LIST OF 

Cast-iron girder bridge, Ashford, Rye 
and Hastings Railway. 

Details, ditto. 

Elevation and plan of truss of St. 
Mary's Viaduct, Cheltenham Rail- 
way. 

Iron road bridge over the Railway at 



PLATES. 

Mr. Fairbaim's hollow-girder bridge 

at Blackburn. 
Waterford and Limerick Railway truss 

bridge. 
Hollow-girder bridge over the River 

Medlock. 

Railway bridge over lagunos of 
Venice. 



NEW LIST OF WORKS. 



15 



BEID6ES OF STONJS^ &C. 



Viaduct at Beangency, Orleans and 

Tours Railway. 
Oblique cast-iron bridge, on tbe system 
of M. Polonceau, over the Canal St. 
Denis. 
Blackwall Extension Railway, Com- 
mercial Road bridge. 
Ditto, enlarged elevation oi outside 

girders, with details. 
Ditto, details. 
Ditto, ditto, and sections. 
Ditto, ditto, ditto. 
Richmond and Windsor main line, 

bridge over the Thames. 
Ditto, details. 
Ditto, ditto, and sections. 
Orleans and Bordeaux Railway bridge. 
Ditto, sections and details. 
Rouen and Havre Railway timber bridge. 
Ditto, details. 
Ditto, ditto, and sections. 
Viaduct of the Valley of Malanncey, 

near Rouen. 
Hoop-iron suspension bridge over the 
Seine at Suresne, deparhnent de la 
Seine. 
Hoop-iron suspension foot bridge at 

Abainville. 
Suspension bridge over the Douro,iron 

wire suspension cables. 
Ditto, details. 
Glasgow and South -Western Railway 

bridge over the water of Ayr. 
Ditto, sections and details. 
Plan of the cities of Ofen and Pesth. 
Sections and soundings of the River 

Danube. 
Longitudinal section of framing. 
No. 1 coffer-dam. 
Transverse framing of coffer-dam. 
Sections of Nos. 2 and 3 of coffer-dam. 
Plan of No. 3 coffer-dam and ice- 
breakers. 
Plan and elev^on of the oonstmetion 
of the scaffolding, and the manner of 
hoisting the chains. 



Line of soundings, — dam longitudinal 

sections. 
Dam sections. 
Plan and elevation of the Pesth suspen- 

sion bridge. 
Elevation of Nos. 2 and 3 coffer-dams. 
End view of ditto. 
Transverse section of No. 2 ditto. 
Transverse section of coffer-dam, plan 

of the 1st course, and No. 3 pier. 
Vertical section of Nos. 2 and 3 piers, 

showing vertical bond-stones. 
Vertical cross section of ditto. 
Front elevation of Nos. 2 and 3 piers. 
End elevation of ditto. 
Details of chains.— —Ditto. 
Ditto and plan of nut, bolt, and retun- 

ing-links. > 

Plan and elevation of roller-frames. 
Elevation and section of main blocka 

for raising the chains. 
Ditto, longitudinal section of fixture 

pier, showing tunnel for diains. 
Plan and elevation of retaining-plates, 

showing machine for boring holes for 

retaining-bars. 
Retaining link and bar. 
Longitudinal plan and elevation of cast- 
iron beam with truss columns. 
Longitudinal elevation and section of 

trussing, &c. 
Plan of pier at level of footpad 
Detail of cantilevers for supporting the 

balconies round the towers. 
Elevation and section of cantilevers. 
Detail of key-stone & Hungarian arms. 
Front elevation of toll-houses and wing 

walls. 
Longitudinal elevation of toll-house, 

fixture pier, wing wall, and pedestal. 
Vertical section of retaining-piers. 
Section at end of fixture pier, showing 

chain-holes. 
Lamp and pedestal at eniraoce of 

bridge. 
Lamp and pedestal at end of wing walls. 



Separately sold from the above in a volume, price half-bound in morocco £1. 12«. 

An ACCOUNT, with niustrations, of the SUSPENSION . 
BRroOE ACROSS the RIVER DANUBE. ^ 

BY WILLIAM TDEENEY CLARK, C.E., F.E.S. 

With Forty Engravingi. 
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JOHN WEALE^S 



THE ENGINEER'S AND CONTRACTOR'S 

POCKET BOOK, 

WITH AN ASTRONOMICAL ALMANACK, 

REVISED FOR 1854. In morocco tuck, price 6s, 



CONTENTS. 



Air, Air in motion (or Wind), and wind- 
mills. 

Alloys for bronze ; Miscellaneous alloys 
and compositions ; Table of alloys ; 
Alloys of copper and zinc, and of 
copper and tin. 

Almanack for 1852 and 1853. 

American railroads ; steam vessels. 

Areas of the segments of a circle. 

Armstrong (R.), his experiment on 
boilers. 

Astronomical phenomena. 

Ballasting. 

Barlow's (Mr.) experiments. 

Banrel drains and culverts. 

Bell-hanger's prices. 

Blowing a blast engine. 

Boilers and engines, proportions of; 
Furnaces and chimneys ; Marine. 

Bossut's experiments on the discharge 
of water by horizontal conduit or 
conducting pipes. 

Brass, weight of a lineal foot of, round 
and square. 

Breen (Hugh), his almanack. 

Bricks. 

Bridges and viaducts ; Bridges of brick 
and stone; Iron bridges; Timber 
bridges. 

Burt's (Mr.) agency for the sale of pre- 
served timber. 

Cask and malt gauging. 

Cast-iron binders or joints; Columns, 
formulae of; Columns or cylinders, 
Table of diameter of; Hollow co- 
lumns, Table of the diameters and 
thickness of metal of; Girders, prices 
of; Stancheons, Table of, strength 
of. 

Chairs, tables, weights, &c. 

(yhatburn limestone. 

Chimneys, &c., dimensions of. 

Circumferences, &c, of circles. 

Coal, evaporating power of, and results 
of coking. 

Columns, cast-iron, weight or pressure 
of, strength of. 



Comparative values between the pre- 
sent and former measures of capacity; 

Continuous bearing. 

Copper pipes, TaUe of the weight o^ 
Table of the bore and weight of coda 
for. 

Copper, weight of a lineal foot of, round 
and square. 

Cornish pumping engines. 

Cotton mill ; Cotton press. 

Current coin of the principal commerdal 
countries, with their weight and re- 
lative value in British money. 

I^igging, well-sinking, &c. 

Docks, dry, at Greenock. 

Draining by steam power. 

Dredging machinery. 

Dwarf, Table of experiments vdth 
H. M. screw steam tender. 

Earthwork and embankments, Tablet 
of contents, &c. 

Experiments on rectangular ban of 
malleable iron, by Mr. Barlow ; cm 
angle and T iron bars. 

Fairbaim (Wm.), on the expansive 
action of steam, and a new conatmo- 
tion of expansion valves for condens- 
ing steam engines. 

Feet reduced to links and decimals. 

Fire-proof flooring. 

Flour-mills. 

Fluids in motion. 

Francis (J. B., of Lowell, Massachusets), 
his water-wheel. 

French measures. 

Friction. 

Fuel, boilers, furnaces, &c. 

Furnaces and boilers. 

Galvanized tin iron sheets in Londoa 
or Liverpool, list of gauges and 
weights of. 

Gas-tubing composition. 

Glynn (Joseph), F.R.S.y on turbine 
water-wheels. 

Hawksby (Mr., of Nottingham), 
experiments on pumping water* 

Heat, Tables of the effects ot 



NEW LIST OF WORKS. 
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THE ENGINEER 8 AND CONTRACTOR 8 POCKET BOOK. 



Hexagon heads and nuts for bolts, pro- 
portional sizes and weights of. 

Hick's rule for calculating the strength 
of shafts. 

Hodgkinson's (Eaton) experiments. 

Hungerford Bridge. 

Hydraulics. 

Hydrodynamics. 

Hydrostatic press. 

Hydrosfktics. 

Imperial standard measures of Great 
Britain; Iron. 

Indian Navy, ships of war, and other 
vessels. 

Institution of Civil Engineers, List of 
Members of the, corrected to March 
15, 1852. 

Iron balls, weight of cast ; bars, angle 
and T, weight of; castings; experi- 
ments; hoop, weight of 10 lineal 
feet; lock gates; roofs; tubes for 
locomotive and marine boilers; 
-weights of roUed iron. 

Ironmonger's prices. 

Jnst's analysis of Mr. Dixon Bobinson's 
limestone. 

Latitudes andlongitudes of the principal 
observatories. 

Lead pipes, Table of the weights of. 

LesUe (J.), C.E. 

Lime, mortar, cements, concrete, &c. 

Limestone, analysis of. 

Liquids in motion. 

Locomotive engines; Table showing 
the speed of an engine. 

Log for a sea-going steamer, form of. 

Machines and tools, prices of. 

Mahogany, experiments made on the 
strength of Honduras. [wheels. 

Mallet's experiments on overshot 

Marine boilers ; engines. 

Masonry and stone-work. 

Massachusets railroads. 

Mensuration, epitome of. 

Metals, line^d expansion of. 

Morin's (CoL) experiments. 

Motion ; motion of water in rivers. 

Nails, weight and length. 

Navies — of the United States; Indian 
Navy ; Oriental and Peninsular Ck>m- 
pany; British Navy; of Austria; 
Denmark; Naples; Spain; France; 
Germanic Confederation; Holland; 
Portugal; Prussia; Sardinia; Swe- 



den and Norway; Turkey; Russia 
Royal West India Mail Company's 
fleet. 

New York, State of, raUroads. 

Numbers, Table of the fourth and fifth 
I>ower of. 

Paddle-wheel steamers. 

Pambour (Count de) and Mr. Parkes' 
experiments on boilers for the pro- 
duction of steam. 

Peacocke's (R. A.) hydraulic experi- 
ments. 

Pile-driving. 

Pitch of wheels. Table to find the dia- 
meter of a wheel for a given pitch of 
teeth. 

Plastering. 

Playfair (Dr. Lyon). 

Preserved timber. 

Prices for railways, paid by H. M. 
OfSce of Works ; smith and founder's 
work. 

Prony's experiments. 

Proportions of steam ^igines and boil- 
ers. 

Pumping engines; pumping water by 
steam power. 

Rails, chairs, &c.. Table of. 

Railway, American, statistics; railway 
and building contractor's prices ; car- 
riages. 

Rain, Tables of. 

Rammell's (T. W.) plan and estimate 
for a distributing apparatus by fixed 
pipes and hydrants. 

Rennie's (Mr. Geo.) experiments ; (the 
late J.) estimate. 

Roads, experiments upon carriages tra- 
velling on ordin^ffy roads ; infiuence 
of the diameter of the wheels ; 
Morin's experiments on the traction 
of carriages, and the destructive ef- 
fects which they produce upon roads. 

Robinson (Dixon), his experiments and 
material. 

Roofs ; covering of roofs. 

Ropes, Morin's recent experiments on 
the stiffness of ropes ; tarred ropes ; 
dry white ropes. 

Saw-mill. 

Screw steamers. 

Sewage manures. 

Sewers, castings for* their estimates, 
&c. 
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TBX XNGINBEE'S AND CONTILACTOR's POCKST BOOK* 



Signs and abbreviations used in arith- 
metic and mathematical eiLpressions. 

Slating. 

Sleepers, qnantity in cnbic fSeet, &c. 

Smeaton's experiments on wind-mills. 

Smith and founder's prices. 

Specific gravity, Table of. 

Steam dredging; Navigation; Tables 
of the elutic force ; Table of Vessels 
of war, of America ; of England ; of 
India; and of several other maritime 
nations. 

Steel, weight of round steel. 

Stone, per lb., stone, qr., cwt., and ton, 
&c, Table of the price. 

Stones. 

Strength of columns; Materials of con- 
struction. 

Sugar-mill. 

Suspension aqueduct over the Alleghany 
River ; Bridges over ditto. 

Table of experiments vrith H. M. screw 
steam tender DwAiur ; of gradients ; 
iron rooft; latent heats; paddle- 
wheel steamers of H. M. Service and 
Post-Office Service; pressure of the 
wind moving at given velocities; 
prices of i^vaniied tinned iron 
tube; specific heats; the cohesive 
power of bodies ; columns, posts, &c., 
of timber and iron ; the comparative 
strength, size, weight, and price of 
iron-wire rope (A. Smith's), hempen 
rope, and iron chain ; corresponding 
velocities with heads of water as 
high as 50 ft., in feet and decimals ; 
dimensions of the principal parts of 
marine engines; effects of heat on 
different metals; elastic force of 
steam; expansion and density of 
water; expansion of solids by in- 
creasing the temperature; expan- 
sion of water by heat ; heights cor- 
responding to cUfferent velocities, in 
French metres; lineal expansion of 
metals ; motion of water, and quan- 
tities discharged by pipes of dif- 
ferent diameters; power of metals, 
&c.; pressure, &c., of wind-mill sails; 
principal dimensions of 28 merchant 
steamers with screw propellers; of 
steamers with paddle-wheels; pro- 
gressiTe, dilatation of metals by heat, 

Aec.; proportion of real to theoretica 



discharge through thm-lipped 
fices ; quantities of water, in 
feet, discharged over a w 
minute, hour, &c; rektive 
and strength of ropes and 
results of experiments on the 
of unctuous surfaces ; 
posts of oak ; size and wei^ 
laths ; weight in lbs. required to 
l^-inch cubes of stone, and 
bodies; weight of a lineal foo^ 
cast-iron pipes, in lbs.; weight 
lineal foot of flat bar iron, in 
weight of a lineal foot of square 
round bar iron; weight of a 
ficial foot of various metala, in 
weighty of modules of flaittifity 
various metals ; velocities of 
wheels of different diameters, in 
per minute, and British statute nuks, 
per hour ; the dimensions, cost, ad 
price per cubic yard, of ten of 
principal bridges or viaduct* 
for railways ; the height a£ the 
ing point at different heights ;—>tat' 
find the ^diameter of a wheel for a ' 

S'ven pitch of teeth, &c 
es of squares, cubes, aqnare ipd 
cube roots. 
Teeth of wheels. 
Temperature, the relative indicatioM oC 

by different thermometers. 
Thermometers, Table of oompariaoa U 

different. 
Timber for carpentry and j^Hnevy pv- 
poses; Table of the properties oC 
different kinds of. 
Tm pbites, Table of the weight ot 
Tools and machines, prices of. 
Traction, Morin's experiment* on. 
Tredgold's Rules for Hydranlica, finqn 

Eytelwein's Equation. 
Turbines, Report on, by Josq»h Gljas 

and others. 
Values of different materials. 
Water-wheels. 
Watson's (H. H.) analysis of Umfittoag 

from the quarries at Chatbum. 
Weight of angle and T iron ban; d 

woods. 
Weights and measures. 
West India Royal Mail Compaiu» 
Whitelaw'a experiments oa tsMu 
wat«r.wheels. "-»w» 



NEW LIST OP WORKS. 
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fa (Mr., of Cowes) experiments 
Honduras mahogany. 

.'s (Tbos.) experiments on 
evaporating power of different 
of coal. 



Wind-mills ; of air, air in motion, Sec. 
Woods. 

Wrought iron, prices of. 
Zinc as a material for use in house- 
building. 



In one Yolnme Bvo, extra cloth, bound, price 9s. 

HE. STUDENT'S GUTOE TO THE PRACTICE 
OF DESIGNING, MEASURING. AND VALUING 

ARTIFICERS' WORKS; 

knatauung Directions for taking Dimensions^ abstracting the same, 
und bringing the Quantities into Bill ; with Tables of Constants, 
aad copious memoranda for the Valuation of Labour and Materials 
in the respective trades of Bricklayer and 81ater, Carpenter and 
Joiner, Sawyer, Stonemason, Plasterer, Smith and Ironmonger, 
Plumber, Painter and Glazier, Paper-hanger. Thirty-eight plates 
ABd vood-cuts. 

rhe Measuring, &c., edited by Edward Dobson, Architect and 
Surveyor. Second Edition, with the additions on Design by 
E. Lacy Garbett, Architect. 

CONTENTS. 



P&KLiMiNA&T Observations on De- 
signing Aettficers' Works. 

Preliminary Observations on Mea- 
surement, Yaluationt &c. — On mea- 
suring — On rotation therein — On 
abstracting quantities — On valuation 
— On the use of constants of labour. 

BRICKLAYER AND SLATEB. 

Design of Brickwork — technical 
terms, &c. 

Foundations — Arches, inverted 
and erect — Window and other aper- 
ture heads — ^Window jambs — Plates 
and internal cormces — String- 
courses — External cornices — Chim- 
ney shafts — On general improvement 
(rf brick architecture, especially fe- 
nestration. 
Measurement. 

Of diggeiB' work — Of brickwork, 
of facings, &c. 
Design of Tiling, and technical terms. 
Measurement of Tiling-— Example 
of the mode of keeping the measuring- 
book for brickwork. 



Abstracting Bricklayers' and Tilers' 
work. 

Example of bill of Bricklayers' and 
Tilers' work. 

Valuation of Bricklayers' work, 
Earthwork, Concrete, &c. 

Table of sizes and weights of vari- 
ous articles — Tables of the numbers 
of bricks or tiles in various works — 
Valuation of Diggers' and Bricklayers* 
labour — Table of Constants for said 
labour. 

Examples of Valuing. 

1. A yard of concrete. — 2. A rod 
of brickwork. — 3. Afoot effacing. — 
4. A yard of paving. — 5. A square of 
tiling. 

Design, Measurement, and Valu- 
ation OF Slating. 

CARPENTER AND JOINER. 

Design of Carpentry — technical 
terms, &c. 

Brestsummers, an abuse: substi- i 
tutes for them — Joists, trinmieiiy i 
trimmiog-joists^^GirderSi their abu 
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DS8IGNINO9 MBASURING, AND VALUING ARTIFICERS 



tnd right qm— Subttitutet for girdert 
tnd qnarter-ptrtitioDS — Qoarter-ptr- 
titioiu — Roof-framing — Great waste 
in present common modes of roof- 
framing — To determine the right 
mode of subdividing the weight, and 
the right numbers of bearers for 
leaded roofr — The same for other 
rooft — ^Principle of the truss — Con- 
siderations that determine its right 
pitch — Internal filling or irmeety of 
trusses — Collar-beam trusses — Con- 
nection of the parts of trusses — ^Vari- 
ations on the truss; right limits 
thereto — ^To avoid fallacious trussing 
and roof-framing — Delorme's roof- 
ing ; its economy on circular plans — 
Useful property of regular polygonal 
plans — On combinatiGns of roofing, 
hips, and valleys — On gutters, their 
use and abuse — Mansarde or curb- 
roofs. 

DssiON OF Joinery — technical terms, 
&c. 

Modes of finishing and decorating 
panel-work — Design of doors. 

Mkasurkmbnt of Carpenters' and 
Joiners' work — ^Abbreviations. 

Modes of measuring Carpenters' 
work — Classification of labour when 
measured with the timber — Classifi- 
cation of labour and nails when mea- 
sured separately from the timber. 

Examples of Measurement, arch 
centerings. 

Bracketing to sham entablatures, 
gutters, sound - boarding, chimney- 
grounds, sham plinths, sham pilas- 
ters, floor-boarding, mouldings — 
Doorcases, doors, doorway linings — 
Dado or surbase, its best construc- 
tion—Sashes and sash-frames (ex- 
amples of measurement) — Shutters, 
boxings, and other window fittings 
— Staircases and their fittings. 

Abstracting Carpenters' and Joiners' 
work. 

Example of Bill of Carpenters' and 
Joiners' work. 

Valuation of Carpenters' and Joiners' 
work. Memoranda. 
Tables of numbers and weights. 

Tables of Constants of Labour. 
R00&, naked floors — Quarter-par- 



titions— Labour on fir, per 
—Example of the valuation 
or battens — Constants of 
deals, per foot superficisL 

Constants of Labour, and of ^ 
separately. 

On battening, weather 
Rough boarding, deal floors^ 
floors. 

Labour and Nails together. 
On grounds, skirtings, 
doorway-linings — ^Doors, fr^mmed 
titions, mouldings — Window-: 
— Shutters, sashes and frames, 
cases — Staircase fittings, wall- 
— Dados, sham columns and 

Valuation of Sawyers' work. 

MASON. 

Design of Stonemasons' w^obk. 
Dr. Robison on Greek snd Godoe 
Architecture — Great fdlscy in tf« 
Gotliic ornamentation, which led aks 
to the modem * monkey styles'— 
* Restoration ' and Preservation. 

Measurement of Stonemason's vroik. 
Example of measuring a spandril 
step, three methods — Allowance for 
labour not seen in finished stone— 
Abbreviations -^ Specimen of the 
measuring-book — Stairs — Landings 
— Steps — Coping — String-courses- 
Plinths, vrindow-sills, curbs — Co- 
lumns, entablatures, blockings— 
Cornices, renaissance niches. 

Abstracting and Valuation. 
Table of weight of stone — Table 
of Constants of Labour — Example 
of Bill of Masons' work. 

PLASTERER 

Design of Plaster-work in resl 
and mock Architecture. 

Ceilings and their uses — Unne- 
cessary disease and death traced to 
their misconstruction — Sanitary re- 
quirements for a right ceiling — Coo* 
ditions to be observed to render do- 
mestic ceilings innoxious — Ditto, for 
ceilings of public buildings ~ Bar- 
barous shifts necessitated bywioof 
ceiling — Technical terms in Pl2 
terers* work. 

MSASURBMBNT of PlastCT-WOriK. 



NEW LIST OF WORKS. 
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8IGMING, MEASURING, AMD YALUIMO ARTIFICERS WORKS. 

Mbasurbmvnt of Smiths' and Foun- 
ders' work. 

PLUMBER, PAINTER, 
GLAZIER, &c. 

Design, &c. of Lead-work. 

Measurement of Paint-work — 
Abbreviations. 

Specimen of the measuring-book 
— Abstract of Paint-work — Example 
of Bill of Paint-work. 

Valuation of Paint-work. 

Constants of Labour — Measure- 
ment and Valuation of Glazing-— 
Measurement and Valuation of 
Paper-hanging. 

APPENDIX ON WARMING. 

Modifications of sanitary construction 
to suit the English open fire — 
More economic modes of wanning in 
public buildings — Ditto, for private 
ones — Warming by gas. 



}r*s — Abstracting of 
work — Example of Bill 
Plasterers' work. 

'OATION. 

Memoranda of quantities of ma- 
sxials — Constants of Labour. 

SMITH AND FOUNDER. 

THB USS OF MeTAL-WORK IN 

Architecture. 

Iron not rightly to be used much 
naore now than in the middle ages — 
SnbsUtutes for the present extrava- 
gant use of iron — Fire-proof (and 
sanitary) ceiling and flooring — Fire- 
proof roof -framing in brick and iron 
— Another method, applicable to 
hipped roofs — A mode of untrussed 
roof-framing in iron only — A prin- 
ciple for iron trussed roofing on any 
plan or scale — Another variation 
thereof — On the decoration of me- 
tallic architecture. 



In 12mo., price 5». bound and lettered, 

THE OPERATIVE MECHANIC'S WORKSHOP 
COMPANION, AND THE SCIENTIFIC 

GENTLEMAN'S PRACTICAL ASSISTANT; 

Comprisisg a great variety of the most usefiil Rules in Mechanical 
Saence, divested of mathematical complexity; with numerous 
Tables of Practical Data and Calculated Results, for facilitating 
Mechanical and Commercial Transactions. 

BY W. TEMPLETON, 

AUTHOR OF 8EVKRAL SCIBNTIFIO WORKS. 

Third edition, with the addition of Mechanical Tables for the use 
of Operative Smiths, Millwrights, and Engineers ; and practical 
directions for the Smelting of Metdlic Ores. 



2 vols. 4to, price £ 2. 16«., 

CARPENTRY AND JOINERY; 

Containing 190 Plates ; a work suitable to Carpenters and Builders, 
comprising Elementary and Practical Carpentry, useful to Artificers 
in the Colonies. 
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JOHN WEALE^S 



THE AIDE-MEMOIRE TO THE MTL,IT. 

SCIENCES, 

Framed from Ck>ntribations of Officers of the different 

'edited by a Committee of the Corps of Royal Engmeen.' 

work is now completed. 
Sold in 3 toU. £ 4. 10«., extra cloth boards and lettered, or in 6 Parts, as 

Part I. A. to D., new edition . . . 14 



II. D. to F. 

III. F.toM. 

IV. M. toP. 
V. P. to R. 

VI. R.toZ. 



16 
16 
14 

16 

1 



O 

o 
o 
o 
o 
o 
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In 1 large Volume, with numerous Tables, Bngfravings, and Guts;^ 

A TEXT BOOK 

For Agents, Estate Agents, Stewards, and Priyate Gentl 

generally, in connection with Valuing, Survejring, B 

Letting and Leasing, Setting out, disposing, and partic 

describing all kinds of Property, whether it be Land or Pe 

Property. Useful to 

Auc^oneers Assurance Companies Landed Vropneioa 

Appraisers Builders Stewards 

Agriculturists Civil Engineers Surveyors 

Architects Estate Agents Valuers, &c 



.* 






In 1 vol. large 8vo, with 13 Plates, price One Guinea, in half-morocco bindingi 

MATHEMATICS FOR PRACTICAL MEN: 

Being a Common-Place Book of PURE AND MIXED MATHE- 
MATICS ; together with the Elementary Principles of Engineeiizz^; 
designed chiefly for the use of Civil Engineers^ Architected and 
Surveyors. 

BY OLINTHUS GREGORY, LL.D., P.R.A.8. 

Third Edition, revised and enlarged by HENRY LAW, Civil Engineer. 



CHAPTBR !.•— ABITHMBTIC. 
Sbct. 

1. Definitions and notation. 

2. Addition of whole numbers. 

3. Subtraction of whole numbers. 
~ 'iltipUcation of whole numbers. 



CONTENT8. 

PART I. — PURE MATHEMATICS. 

Skct. 

5. Division of whole numben." 
Proof of the first foar mlM of 
Arithmetic. 

6. Vulgar fractions. — ReductioB of 
vulgar fraction9.-*-Addition lod 



NEW LIST OF WORKS. 
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MATHEMATICS FOR PRACTICAIi MEN. 



L. 



MuLiiiuction of vulgar fractions. 
Jdultiplication and division 
'vulgar fractions. 

firactions. — Reduction of 
decimals. — Addition and sub- 
ion of dedmals. — MultipU- 
.tion and division of decimids. 
ex firactions used in the arts 
d CMnmerce. — Reduction. — 
.A.ddition. — Subtraction and 
XDultqdication. — Division. — 
XDoodecimals. 
IPo-^ers and root8.-^Evolution. 
Proportion. — Rule of Three. — ^Pe- 

'termination of ratios. 
X^ogarithmic arithmetic. — Use of 
the Tables. — Multiplication and 
division by logarithms. — Pro- 
portion, or the Rule of Three, 
by logarithms. — Evolution and 
involution by logarithms. 
tS^ X*roperties of niunbers. 

CHAPTBB. II. — ALQMBRA, 

1» X>efinitioiis and notation. — 2. Ad- 
dition and subkaetion. — 3. Mul- 
tiplication. — i. Division.^ — 5. In- 
vention. — 6. Evolution. — 7. 
Surds. — Reduction. — Addition, 

I subtraction, and multiplication. 

I —Division, involution, and evo- 

I Intion. — 8. Simple equations. — 

Eztermiiiation. — Solution of 
general problems^ — 9. Quadratic 
equations. -^ 10. Equations in 
general. — 11. Progression. — 
Arithmetical progression. — Geo- 
metrical progression.-^! 2. Frac- 
tional and negative exponents. — 
13. Logarithms. — 14. Computa- 
tion of formulae. 

CHAPTER III. — GEOMETRY. 

1. Definitions. — 2. Of angles, and 
right lines, and their rectangles. 



> 



Sxcr. 

— 3. Of trian^es.— 4. Of qua- 
drilaterals and polygons. — 5. Of 
the circle, and inscribed and cir- 
cumscribed figures. — 6. Of plans 
and solids* — 7. Practical geo- 
metry. 

CHAPTER IV. — MENSURATION. 

1. Weights and measures. — 1. Mea- 

sures of length. — 2. Measures 
of surface. — ^3. Measures of so- 
lidity and capacity. — 4. Mea- 
sures of weight. — 5. Angular 
measure. — 6. Measure of time. 
. — Comparison of English and 
French weights and measures* 

2. Mensuration of superficies. 

3. Mensuration of sohds. 

CHAPTER T.-^-TRIOONOWBTRT. 

1. Definitions and trigonometrical 
formulae. — 2. Trigonometrical 
Tables. — 3. General proposi- 
tions.-^. Solution of the cases 
of plane triangles. — Right-an- 
gled plane triangles. — 5. On the 
application of trigonometry to 
measuring heights and distances. 
— ^Determination of heights and 
distances by approximate me- 
chanical method. 

CHAPTER Vl. CONIC SECTIONS. 

1. Definitions. — 2. Properties of the 
ellipse. — 3. Properties of tiie hy- 
perbola. ^ 4. Propertiea of the 
parabola. 

CHAPTER VII. — PROPERTIES OF 
CURVES. 

1. Definitions. — 2. The conchoid. — 
3. The ci8SOid.-~4. The cycloid 
and epicycloid.— 5. The quadra- 
trix. — 6. The catenary. — Rela- 
tions of Catenarian Curves. 



PART II.--MIXBD MATHEMATICS. 



CHAPTER I. — MECHANICS IN GENERAL* 
CHAPTER II.— STATICS. 

1. Statical equilibrium. 

2. Centre of gravity. 

3. General application of the princi- 

ples of statics to the equilibrium 



of structures.-^ Equilibrium of 
piers or abutments. — Pressure 
of earth against walls. — Thick- 
ness of walls. — Equilibrium of 
polygons. — Stability of arches. 
— Equilibrium of suspension 
bridges. 
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1. Wj 

2. Akaia 

3. 



— Prfley. — 1»- 



4* SporiwC 



of NoB-dsstie 
Flotttag Bofiet.— 
gisviliet. <— 5w Ob 



1. Motioii md efflnenoe of liqndt. 

2. MotMNi o€ water n oondait pqies 

and open canals, over wetn, 
fte. — Velocitki of liTcrk 

3. Contrhranoes to m e aime the Tdo- 

city of nunuBi; waten. 

CHAPm TI. — FNSUMATTCS. 

1. Weight and eqmlibrinm of air and 

ekistic ftnida. 

2. Machines for raising water hy 

the pressure of the atmosphere. 

3. Force of the wind. 



Table of Pressore ai' 
tve of 
aeriptioB of tiie mk tfl 
of tlie steam cb^— r 
of tfie 



calfriatJBg their ftiff: 
cd applkstioa. 
4. Annal atRngA ss a 



▼m. — sTESNcntf] 

MATSmiALS. 

1. Besolts of experimeBb, ind] 

ciples iqM>n whkh ^ ' 
he practlcaDj applied. 

2. Strength of materials to 

teiudle and crashiag 
Straigth of colmnsi. 

3. ElastkatjanddoDgatiooafl 

sidjjeetedto a cmshiBgor' 
sile strain. 

4. On the stragdi of mataaii! 

jected to a trsnsverse itnii>- 
Longitudinal form of befl< 
unifiMm strength.—^ 
strength of otlmr materiib i 
cast iron. — The strengtii 
heams sooording to the nmif | 
in idiich the loi^ is distriboiA[ 

5. Elasticity of bodies sobjeetedtnj 

transverse strain. 

6. Strength of mtterials to vi^\ 

torsion. 



APPENDIX. 

I. Tkble of LogsriOmie IMfferenees. 

IL Table of Logutthms of Nmnben, from 1 to lOf . 
m. Tible of LogwUhma of Nnmben, fnm 100 to 1S,S00. 
lY. Tdde of Logarithmic Sinea, Tai^enta, Seeanta, ftc 

y . Table of Uacfol Factoia, extendi^ to aeveral placea of Deamab. 
VI. Table of variooa Uaefbl Nnmbeva, with their Logarithnw. 
Vn. Table of Diametera, Areaa, and Cireamferencea of (Srdes, &e. 
VIII. Table of Bdationa of the Arc, Abacisaa, Ordimte and Sobnonul, in the Cbtenuyi 
IX. TaUea of the Loigtha and Vibrations of Penduloms. 

X. Tkble of Specifie GniTities. 

XI. Table of Weight of Materials frequently employed in Conatnution. 
XII. Principlea of Chronometers. 

XIII. Select Mechanical Expedients. 

XIV. Obserraaons on the Effect of Old London Bridge on the TSda. Ac. 
XV. Profeaaor Fteiah on laometrical PerspectiTe. ^^ ^ 



/ 




--■ .If; 

' H 



*tf^ 



cs ' 



cr 






? 




\ 



SEP 14 1936 



^^i^ 





